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A place in the world of work, in addition to and related to her 
role in the family and in the community, is a vital part of the life of 
almost every woman today. One of the most important tasks of this branch 
of the Department of Labour, therefore, is to help make girls aware of 
current developments in society that open up new opportunities of employ— 
ment and to encourage them to undertake occupational preparation that will 
give meaning to their participation in the world of work. Within this 
broad purpose, the present bulletin brings to their attention the dynamic 
fields of the physical sciences, the earth sciences and mathematics, under= 
lining the possibilities without ignoring the difficulties. 


Frequently the girl with mechanical aptitude and a bent towards 
mathematics and science is steered toward other fields of study and work 
that seem to be less demanding or are regarded as more suited to women. 
The achievements of a few women pioneers in science in Canada make us rea- 
lize, however, that to exclude gifted women with scientific interests from 
so exciting and creative fields of endeavour is to bring grave loss, not 
only to them but to the nation, and even the world. 


The girl who wants to pursue @ scientific career will have to face 
the fact that it will require unique continuing concentration and will de- 
mand a more dominant place in life than work in a less dynamic field. WMore- 
over, since for most women life will include marriage and a family, these 
also must be kept in mind. Most important of all is that a girl be as free 
as possible from pressures to conformity and mediocrity and able to make 
life's decisions with a sense of inner authenticity. She will have special 
need, therefore, of the understanding and encouragement of parents and 
teachers as she plans and works for the future. 


Such concerns as these colour the approach of this bulletin. It 
is not an occupational monograph. More adequate sources of occupational 
information are listed in the bibliography along with extensive suggestions 
for reading. Information about science clubs, special classes, nature 
study camps and science fairs has been included among ways of awakening and 
sustaining interest in the world of science. The bulletin is addressed, 
therefore, not only to girls themselves but also to the adults upon whom 
they must be able to rely as they venture into new fields of exploration 
and achievement. 


The Women's Bureau is indebted to Mrs. Alice Griffiths who pre- 
pared the bulletin and to the numerous persons whom she consulted - 
astronomers, chemists, geologists, physicists, mathematicians, librarians, 
editors, directors of science fairs - people whose enthusiasm for their 
work includes a sense of responsibility to and for the young who are forging 
their way into the future. 


Marion V. Royce, 

Director, Women's Bureau. 
Department of Labour, 
Ottawa, September 1, 1964. 
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FIELDS OF WORK FOR WOMEN 


A LOOK AT SCIENCE TODAY 


The young scientist today faces one of the most exciting periods 
in the history of scientific development. The launching of sputniks, 
rocket probes into space, exploration of the upper atmosphere by means of 
artificial satelites, the use of instrument-carrying high-flying balloons, 
are all part of man's attempt to learn about the universe and its relation 
to our earth. Searching downwards, within and around our earth, scientists 
strive to increase our knowledge of its structure, properties and shape. 
Along with this, is the continuing and important scientific search which 
applies the discoveries of the sciences to urgent human problems of our 
day -- such as disease, hunger and malnutrition, the effects of radiation 
on man and his environment. 


This unparalleled advance of science and technology creates new 
problems to be solved and new techniques to be worked out. Atomic research, 
for example, has led to the nuclear bomb, which in turn has created the 
problems of radioactive fallout and nuclear control. In answer to some of 
these problems, traditional fields of science change, moving in new 
directions to converge on other sciences and form new combinations, Then 
too as these new combinations or specializations progress = biophysics, 
biochemistry, geophysics, astrophysics — vast areas are opened for further 
investigation. This development shows the "wonderful mutual relevance" of 
the various branches of science. These changes bring not only increased 
opportunities for scientists, but also influence the nature of their jobs. 
The possibilities are unlimited. 


Physical sciences, earth sciences and mathematics 


The physical sciences deal with the basic laws of the physical 
world ~ the structure of matter, the nature of energy, the composition and 
properties of substances of the earth and its celestial bodies. Chemistry, 
physics and astronomy are the main divisions. Before any scientist chooses 
a particular branch of science for special study, a general knowledge of 
all other sciences is necessary, because they are so inextricably bound up 
with each other. 


- The laws and principles of physics are applied to other areas, 
to become geophysics or astophysics. 


- Physics merges with chemistry in the study of the molecular 
structure of chemical substances, where the chemist seeks to 
understand the physical nature of molecules, atoms and par= 
ticles. 
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- Physics, when it merges with problems in certain areas of 
biology, becomes biophysics. Today this has extended to 
the study of the nature of the atom and of radioactivity 
and its effect on living tissues. 


- Chemistry and biology come together to become biochemistry 
in the search for an understanding of the chemical nature 
of plants, animals and man. The study of antibiotics such 
as penicillin embraces these two sciences. Agricultural 
and food chemists are biochemists who specialize in prob= 
lems related to food production and preservation. 


- Chemistry is important to geology in the study of the 
composition of matter, which is geochemistry. 


- The data collected by the astronomer is used in many areas 
of science, bringing astronomy into close relationship with 
air and sea navigation, space vehicle development, thermo- 
nuclear research, electronics and radio communication. 
Astronomy also provides an excellent proving ground for 
developing theories of time and space. Using mathematics 
as its tool, it is directly involved in the studies of 
physics, chemistry, geology and biology. 


The earth sciences are included in this study, because the laws 
and the techniques of the physical sciences have a direct application to 
them. The earth sciences comprise geology, geophysics, meteorology, and 
oceanography. Oceanography, for instance, involves all branches of science 
in the study of the ocean. A chemist will study the substances of the 
water; a physicist, its tides, currents, temperature, light and trans- 
mission of sounds and a marine geologist, its rocks and minerals. 


Mathematics is the unifying factor and the abstract language of 
all sciences. It is one of the oldest fields of science as well as one 
of the most dynamic and rapidly expanding professions. The pure or theor=- 
etical mathematician is concerned with the development of mathematical 
principles and the discovery of relationships among mathematical forms. 

He may create a new theory or extend another in a new direction. In 
applied mathematics, the mathematician, working with a scientist, engineer 
or other specialist, develops techniques to solve practical problems. He 
clarifies the structure of a problem and formulates it into mathematical 
language. This ability is of increasing importance because of the trem=- 
endous growth of electronic computation. 


The mutual relevance of the sciences is well illustrated by one 
young scientist, a graduate in mathematics and physics, who is doing 
research in the biophysics unit of a large cancer research institute. She 
put it this way, "I was always interested in the physical sciences and 
only quite recently did I realize the very intriguing problems of molecular 
biology and how the physical sciences could be applied to life sciences to 
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find out about disease and malfunction, as well as the process of life 
itself. The research is more rewarding to me than any problems I've ever 
tackled in the physical science field; the challenge is unlimited." 


Career opportunities 


The wide range of career opportunities in the fields of physical 
sciences, earth sciences and mathematics are on two levels: the highly 
trained professional scientist who undertakes research or teaching and the 
technician or assistant who works with the scientist. 


The demand for highly trained scientists and technicians is 
increasing. Indications are that in the next ten years a growing supply 
of teachers and research scientists will be of vital importance, particu- 
larly in the universities. The greatest need would seem to be in the 
fields of physics and mathematics. This situation exists not only in 
Canada, but in other countries as well. While the earth sciences will con- 
tinue to expand and develop in new directions, the opportunities for 
employment are likely to be more limited than in the physical science field. 
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HOW DO WOMEN FIT INTO THIS PICTURE? 


Will women find opportunities as readily as men to function as 
highly trained scientists in jobs that are satisfying and on a level with 
their training? That their services are urgently needed is beyond question. 


In the past, the number of Canadian women active professionally 
in the sciences, in comparison to men, has been relatively small, but the 
calibre of these women and the contribution they have made and continue to 
make, is noteworthy. 


Dr. Helen Hogg, the new president of the Royal Canadian Institute, 
is a shining example of a woman who has successfully combined marriage, 
family and a career in astronomy. As a research worker, her studies con- 
centrate on "variable stars in globular clusters". Through years of 
telescopic observations, she has photographed and studied these symmetrical 
circular clusters of stars, and has made a significant contribution to this 
branch of astronomical research. Recently an important discovery was made 
from some of her photographic plates, by Dr. Amelia Wehlau of the Hume Cronyn 
Observatory, London, Ontario. Dr. Wehlau discovered through her studies of 
these plates, a "nova" or new star. This was the first ever to be photo- 
graphed in a globular cluster and Dr. Wehlau’s exciting discovery was based 
on work done by Dr. Hogg. 


Dr. A. Vibert Douglas is also one of Canada's leading astronomers. 
Women like Dr. Douglas and Dr. Hogg not only have taken an active part in 
research but are busy university teachers, lecture to the public, write, and 
contribute to international science gatherings and projects. They have led 
the way for other women in astronomy. This branch of science, while small 
in comparison with some of the other sciences, sparkles with creative 
activity and seems to contain within its ranks a proportionately large 
group of able women. 


In geology, Dr. Alice Wilson who recently died at the age of 8&2, 
will always be known for her authoritative studies of the Ottawa Valley and 
its regions. She was the first woman to be made Fellow of the Royal Society 
of Canada, a great honour for a scientist. As an early woman scientist 
employed by the Geological Survey, a branch of the Department of Mines and 
Technical Surveys, her first assigned task was to classify and catalogue 
fossils. This led to study and research in stratigraphic palaeontology, 
which became her speciality. To her friends, Dr. Wilson was a fine example 
of the passionately devoted scientist, completely dedicated to her science, 
working at it ceaselessly, even after retirement. She had the exceptional 
quality of being able to inspire others by her own enthusiasm. That a 
scientist share his or her knowledge with others was of cardinal importance 
to her, as shown in her conversations, her teaching and in her writings. 
(She wrote "The Earth Beneath our Feet", a book on geology for young people.) 
She continually stressed the need for more science writers who could make 
their subject understandable and enjoyable to the general public. 
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The philosophical nature of geology also appealed to Dr. Wilson. 
She emphasized that the geological study of the earth gives one a con- 
cept of time and evolution that is applicable to all life. She believed 
that the methods of science produce an attitude of independent search and 
thinking. No truer words could be said of her, than those expressed in the 
Citation when she received her doctorate from Carleton University a few 
years ago - ",.. Alice Evelyn Wilson, explorer of the secrets beneath us, 
animator of the young." 


There have been other women scientists like these, women who by 
their ability and courage in the face of all kinds of difficulties (some 
of which the rising generation will never have to face) have quietly 
established a place for women in the world of science. Their efforts have 
helped in large measure to improve the opportunities for women in science. 


Younger women, too, are doing distinguished work in science. We 
have noted Dr. Amelia Wehlauts discovery in astronomical research. Another 
recent achievement was the winning of the Sloan Foundation Award by 
Dr. Charlotte Froese of the University of British Columbia. She is the 
first woman mathematician to receive this honour. Her research, conducted 
at the Harvard College Observatory, centres on the application of mathematics 
and computers to the study of atomic structures. 


Writing and editing occupy many of our women scientists. As 
specialists who teach or do research, some of them contribute to professional 
science journals. They have also written for the general reader everything 
from newspaper columns such as Dr. Helen Hogg's articles for astronomy fans, 
to guides for star gazers such as the "Observer's Handbook" edited by 
Ruth Northcott; from the museum publications of Dr. Medeleine Fritz to 
government booklets for naturalists such as Helen Belyea’s "The Story of the 
Mountains in Banff National Park" or "Rocks and Minerals for the Collectors 
Sudbury to Winnipeg" by Ann P. Sabina; and from technical handbooks, such 
as the guide to aluminum products of Alcan by Audrey Rushbrook, to a book 
such as Dorothy Harper's "Isotopes in Action" which throws light on still 
another aspect of science. 


These women in the physical sciences, earth sciences and mathema- 
tics, along with many others, working in their chosen specializations, are 
showing that with talent and skill plus character and determination, a woman, 
no less than a man, may build a career in science. 


This brings us to the question - What are the difficulties which 
are encountered in these branches of the scientific professionsand what are 
the attributes of women who succeed as scientists? 


If we look at the traditional role of women in our society, some 
of the difficulties women meet in the science world might be better under- 
stood. The fact that society differentiates between what is man's work and 
what is woman's work, may contribute to the feeling that science is not for 
girls. From birth, society tends to impose certain patterns of behaviour 
and character on both boys and girls. A girl is considered "different" if 
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she pursues an interest in science and chooses it for a career. A boy, on 
the other hand, is likely to be encouraged to carry out his science projects 
and interests in every way possible. As one scientist puts it: "The 

female science student at university must catch up in a great deal of funda- 
mental knowledge which the male student learned as a boy." 


some interesting light has been thrown on this aspect of society's 
attitude, in a recent survey conducted in several American universities. 
A research project of the Radcliffe Institute of Independent Study investiga- 
ted the background of girls who have succeeded as scientists. It found 
that these girls tended to come from two contrasting kinds of homes in 
neither of which status was important. On the one hand, the parents were 
highly educated and inclined to give their daughters an atmosphere of security 
and encouragement; and on the other, the parents had had little educational 
opportunity and the practical had the most powerful appeal. 


The study concludes that those at the top are secure enough to 
dare to be different, while bright girls from homes where the parents have 
had limited opportunities, are not influenced by the need to maintain a 
certain status. It is "the girl in the middle" who often is "less inclined 
to venture from the traditional woman's role." 


For and against a career in science 


In our society, the emphasis on a woman’s traditional role has 
considerable effect on a girl when she chooses a career, often on the teacher 
who instructs and guides her and even on the employer who hires her. Within 
the science field, there are some branches that attract her more than others. 
She tends to choose biology and chemistry. Geology, the related earth 
sciences and engineering seem less apt to interest her. 


The nature of the earth sciences, as they are studied and developed 
in Canada, is a primary factor in limiting the number of women who choose 
them. These are male-dominated sciences, mainly because the physical aspects 
of their activity have been stressed. A scientist or engineer may be called 
upon to perform mechanical functions such as installation and construction 
(often using heavy equipment) or to undertake rigorous field projects, living 
under primitive and isolated conditions. 


A geologist now working on her Ph.D. in England has this to say 
of geology in Canada, "Geology is still very much a profession of the field 
es. and unfortunately ... used mainly as a tool to prospecting. In Great 
Britain, where mineral resources are virtually lacking, it has developed 
much more as a stratigraphic field, and the philosophic implications seem 
more widely appreciated by the public." 


Many of the physical hazards connected with these ‘energetic? 
scientific occupations are however becoming less of a problem. The develop= 
ment of new equipment, new tools and new techniques is changing the nature 
of many jobs. 
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Isolation in lonely, unprotected regions for field observations 
is another limiting factor on the numbers of women in the earch sciences, 
in which trips or cruises are a vital part of training and research. Here 
too, however, changes are occurring, As more women enter these fields = 
and there are a few more each year - it will become easier for them to 
make field trips together. Moreover, many of the ’remote’ areas are be= 
coming less isolated. 


A palaeontologist, who is doing research in marine biology, when 
asked about this aspect of her work said that although there are many 
difficulties she has been able to arrange for her trips in areas that have 
not been too isolated and where living accommodations have not been too 
primitive. Some of these trips were taken on her own. She adds that a 
geologist should be reasonably healthy, be able to adapt to outdoor 
living and have self-reliance. 


Oceanography and meteorology present women with more difficulties 
than some other fields. In the past, Canada’s floating laboratories have 
not included women scientists on their cruises. The "Hudson", however, 
just recently launched, is equipped with a suite for women. This, no doubt, 
will mean that in the future women scientists will go to sea on science 
research cruises. As yet, they have been more or less confined to shore 
laboratories and teaching in universities. Women are not encouraged to 
study meteorology, because its activities hinge on weather forecasting, and 
the training requires study and work in posts that are remote and male- 
staffed. 


The sciences are linked in the practice of engineering. 5o too, 
the difficulties encountered by women are concentrated in the engineering 
field. The few women who have become engineers seem to favour electrical 
or mechanical rather than civil engineering, where strenuous outdoor 
activities, surveying and field trips have been preccminant. But changes 
are also taking place in engineering as technology advances. Mr. Garnet 
Page, Secretary of the Engineering Institute of Canada, writes, "Opportuni- 
ties for women in many areas of engineering are increasing, particularly as 
they become more sophisticated and less of the traditional ‘'outdoor? type 
of thing." 


Marriage and a career in science 


Marriage as well as a career is an important goal for most girls. 
The growing tendency is to marry early (before the age of 25). Many women 
continue to work, often because of financial necessity. For the years of 
child raising, most leave their work, however, returning later, usually in 
their thirties, when their children are older. Also pertinent is the fact 
that women are living longer than in the past. As a result of such factors, 
a woman's work expectancy is increasing. A girl can expect to work for 
25 years. If work and marriage are combined or if she remains single, her 
working life will be somewhat longer. 
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If such a large part of a womants life is to be spent as a wage- 
earner, it is important that her work should utilize her capabilities and 
be satisfying to her. There is a tendency in our society, however, for 
girls to think only in terms of marriage, without any perspective on the 
whole of a woman's life. The importance of education for a *career?’ is, 
therefore, discounted in favour of short-time preparation for just a "job*. 
A career in science requires a long and intense preparation, and the girl 
who wants to be a scientist must consider the whole span of life in order 
to make a place for the two major roles in the life of a woman = marriage 
and a@ career. 


For the woman scientist this combination is particularly difficult. 
She must keep up-to-date in her work and, as the developments in science 
are so dynamic, she can do so only if she is constantly at work. In marriage, 
if raising a family is part of it, very few women are able to continue to 
work on a full-time basis. The scientific pursuit requires complete dedica— 
tion and concentration = and is also time-consuming. Home problems may 
affect this concentration. As one scientist has remarked, "When home 
crisis and work crisis coincide, that's when the going is hard." 


Nevertheless, there are women of ability who hold valuable 
positions in science who have successfully combined the raising of a family 
with a career. They have been able to do this because certain factors have 
been presents: a job that is somewhat flexible, where work may be organized 
for the scientist's convenience; a home situation which is satisfactory for 
all, where arrangements for help are sufficient; a husband who respects 
his wife's capacities and her desire to use thems; and finally a job which 
is challenging and makes it all worthwhile. 


Re-entry into a scientific profession for a married woman after 
a number of years’ absence, is especially difficult. There is considerable 
catching-up to do. This may mean taking a refresher course and finding 
a job at a lower level than the one for whichshe is qualified. She may need 
to take a part-time job and earn and learn at the same time. Some married 
women trained in the sciences prefer to "swing a part-time job” because it 
enables them to combine home and family with interesting work without too 
much "wear and tear." 


Some find an answer in work which may be done at home, such as 
the analysis of technical literature, translation, writing book reviews, or 
sometimes work done in conjunction with a research project where only an 
occasional visit to the research centre is necessary. Free-lance writing, 
also, has possibilities for a woman who wants or needs to be at home. 


Others prefer jobs outside the home as laboratory demonstrators, 
research assistants, lecturers, technicians, supply teachers, computer 
programmers or librarians. 


It is evident that, for a dedicated scientist, marriage is not an 
insurmountable obstacle to a career. If she is of high calibre and has 
advanced in her profession, she will find ways of staying at her job. If 
she must leave, she will make the time as short as possible and will keep 
up-to-date with her specialization. 
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There are many women, however, who have found the difficulties 
overwhelming and have never returned. Some of these have married while 
still very young and require further education and experience. Ways and 
means must be developed to make it possible for women of ability, who may 
or may not have received sufficient education, to re-enter their chosen 
science field, to continue their education or catch up on their speciality 
and to find a place in the working world. 


A number of experiments and programs which have been undertaken 
by universities in the United States are designed to meet this pressing 
problem. The Radcliffe Institute for Independent Study is one noteworthy 
example. Guidance to help women who wish to re-enter their professions 
to select courses of study, scholarships to assist them financially, 
facilities to enable them to carry on their studies or research are all 
part of the Institutets program. The opportunity to "continue" or to 
"commence" their education, will become increasingly important for married 
women. This means more re~training programs, more part-time jobs and a 
more open-minded attitude on the part of employers toward employing 
married women. 


Attributes of the scientist 


There are a number of abilities and qualities common to all 
scientists of worth, men and women. Mathematical aptitude as well as 
excellence and intense interest in science are essentials. To the mathema- 
tician, the logic and conciseness, the aesthetic beauty of mathematics and 
the versatility of its application, have special appeal. The creative 
scientist has a well-developed imagination and ability to think abstractly. 
The sciences arouse curiosity and appeal because they present a challenge 
to explore and discover the unknown, stimulating originality of thought and 
presenting possibilities for contributing to the well-being of humanity. 
This humanitarian aspect, the Radcliffe Survey found, has considerable 
appeal for girls in science. 


The girl who has a genuine interest in science will find ways of 
learning about it and will make plans for her future. Knowing the direction 
of her life, that it is to be in science, she can then utilize her education 
in the best way possible. The decision about a particular specialization 
will come later, probably when she graduates from university and must choose 
her field of post-graduate study and research. Her plans will include the 
possibility of marriage and children, but generally not until her studies 
have been completed (about the age of 25). It would also follow that her 
hopes would be to return eventually to her profession. With high "theo~ 
retical values", a certain built-in-security, definite goals and high 
priorities, she is able to go ahead on her own initiative and work out 
her plans. The question of being different does not worry here 


The success of a woman in science will be in large measure due to 
her ability to carry out plans for obtaining the best education possible 
in her field of specialization. Her next step will come when she chcoses 
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science as a "career", not just a "job" to put in time before marriage. 
Her career becomes part of her life plan which may include marriage. As 
a result, her chances of obtaining and maintaining a satisfying position 
will be increased. 


A university teacher and research worker writes: "The field 
in which I am engaged, Electron Microscopy, contains several women who 
are established leaders in their own specialities. I don't think there 
is a selection either for or against women, rather we seem to have reached 
the stage that if a woman has ability she is invited to go ahead and prove 
Tt. " 
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OCCUPATIONS 


TEACHING = Secondary School Level 


Teaching offers excellent opportunities for interesting and 
satisfying work. The demand for competent teachers of science and 
mathematics is urgent. Also, a teacher who has proven herself at home 
may find challenging openings in some of the newly developing countries 
where the shortage is even more acute. 


The science teacher has a vital role in the 20th Century. She 
has @ unique opportunity to detect and quicken interest in scientific 
understanding and pursuits. She does this by her knowledge, teaching 
ability and enthusiasm. Scientists who have advanced in their profession, 
frequently attribute their initial interest in science to a teacher. To 
provide the climate for the growth of an attitude of independent study 
and thinking, to help the student apply the scientific method to all his 
work, is a very special privilege of the science teacher. 


~ A research chemist tells us that her chemistry classes in 
high school were much the most interesting of all, because 
the teacher often livened them up with dramatic stories of 
the uses of chemistry in everyday life, particularly of how 
it could be used in crime detection’ 


~ One Science Fair finalist says she first became interested 
in science in Grade VII when they started experiments. She 
goes on to say, "The year that I was in Grade X was the 
first year of our local Science Fair. Each of us had to 
build a Science Fair project. We didn’t have to enter it 
but we did have to build one. I entered mine", 


Since high school years are not the time for specialization, it 
is important that a student at that stage have the opportunity to develop 
an ‘over-all view' of science. Exciting new developments based on the 
interrelationship of the sciences may not be in the curriculum, but the 
teacher has the opportunity to infuse them into her teaching. For instance, 
sciences such as astronomy and geology, which are seldom taught as sub- 
jects in high school, have vital connections with physics, chemistry and 
mathematics. 


- A scientist whose speciality is electron microscopy writes, 
"The basic quality of physics and mathematics and how 
knowledge in these fields is essential for so much now 
happening in other fields should be pointed out". 


School curriculums are frequently revised and sometimes complete- 
ly changed. With scientific developments and changing needs, teaching 
methods and subject matter are affected. The new way of teaching 
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mathematics with emphasis on structure and meaning rather than technique 
is an example of a problem-solving approach to teaching which may change 
curriculums at all school levels. 


A specialized background in science or mathematics is important. 
An honours degree in mathematics, physics and chemistry plus the required 
year of teacher training and some teaching experience, brings the best 
teaching positions. A bachelor degree from a general science course, 
with careful selection of options, is also a good preparation for high 
school teaching in some provinces. 


Planning early for a teaching career helps in making the best 
use of the university years. While encouraging a more intensive study of 
one particular science field, consideration for the humanities must not be 
overlooked. Communication between the sciences and the humanities and the 
search for relationships is of concern to thinking people of our day. 
Robert Oppenheimer has said? 


eee Today, ooe it is almost wholly through the arts that we have 
a living reminder of the terror, of the nobility of what we can 

be, and what we are eee I believe that the idea of the improve- 

ment of human life on earth provided the air for the great fires 
of science. 


C. Pe Snow sees the task of education of prime importance? 


With good fortune ... we can educate a large proportion of our 
better minds so that they are not ignorant of imaginative 
experience, both in the arts and in science, nor ignorant either 
of the endowments of applied science, of the remediable suffer- 
ing of most of their fellow humans, and of the responsibilities 
which, once they are seen, cannot be denied. 


In choosing the most suitable course of study, the prospective 
teacher may obtain help from the high school principal, guidance counsellor 
or science teacher and also from the nearest university or teachers* 
college registrar. 


TEACHING ~ University Level 


In the next ten years, universities will be expanding rapidly and 
will be increasing in numbers. The student population is expected to more 
than double. The demand for university teachers will be acute, and women 
who have specialized in the sciences may well be attracted to teaching at 
the university level. 


In the universities the ferment of ideas and investigation is 
evident, for that is where so much of the research is done. The impact 
of ideas and discoveries often brings changes in traditional courses of 
study. New courses may be organized providing excellent and exciting 
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opportunities for teaching and research. Working with other scientists, 
many of superior intellectual calibre, all of whom are seriously employ- 
ed in investigation and teaching, makes for a rich experience. The 
interaction of scientists with one another and with eager students is 

a continuing challenge. 


University teaching does not require a formal teacher's train- 
ing course, but the basic educational requirements are high. At least 
one post-graduate degree (M.A) and more often a second degree (Ph.D.) 
as well, are necessary. Part-time teaching is sometimes possible while 
working toward an advanced degree. 


Salaries and opportunities for advancement vary from one 
university to another and from department to department. For women 
teachers the variation is even greater than for men, depending upon the 
particular attitude toward women, especially married women, in the pro- 
fession. 


Research 


The purpose of scientific research is twofold = to search for 
knowledge and understanding of the natural world, which is pure or 
theoretical research, and to control and use this basic knowledge in 
solving the problems of man and society, which is applied research. 

Both aspects encompass experiment in a laboratory and require ability 

to analyze, correlate facts and draw logical conclusions, all inherent 

in the scientific method. Sometimes the theoretical and the applied 
merge in the research activities of one scientist. Physicists for 
instance, may design and develop devices or instruments with which to 
continue their research. This was so in the case of the invention of 

the atomic reactor and the transistor, which were the "creations of theo- 
retical physicists who developed their inventions in the course of funda- 
mental research". 


Professional research scientists are highly specialized, 
concentrating on one particular area of science, with its special concepts, 
techniques and vocabulary. Tools and techniques are used in common when 
specializations touch or overlap. Chemists studying the structure of 
the molecule may use the analytical tools of the physicist, such as the 
spectroscope or the electron microscope. Much of the work in chemical 
research requires detailed intricate activity where the chemist must 
study and measure substances or undertake analysis and testing, using 
such instruments as the chemical balance or the radioactive isotope 
counter.e The physicist may use everything from the electron microscope 
to large-scale apparatus and equipment such as the linear electron 
accelerator, which is so vital to nuclear physics researche Astronomers 
undertake all kinds of observations which involve analytical measuring 
activity. They use a variety of instruments, from complex photographic 
equipment to the major tool, the telescope and sometimes even space- 
crafto 
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The electronic computer has been a welcome addition to the array 
of tools and instruments at the disposition of scientists and mathematic- 
ians. It is the spectacular outcome of laborious, and at times fruitless, 
research dating as far back as Charles Babbage and the “analytic engine" 
which he designed and partly built more than one hundred years ago. The 
automatic sequence controlled calculator or Mark I, completed in 1944, 
is similar to the "analytic engine" with Babbage's sequential control 
principle adapted to the use of electromagnetic relays. 


Today, twenty years and many improvements later, scientists 
and mathematicians use the computer to solve many of their most complex 
problems. Mathematical manipulations which, because of their scope, had 
hitherto been outside the realm of possibility are now envisaged with 
anticipation. Dr. Charlotte Froese, mathematician, in describing her re=- 
search project at the Harvard College Observatory expresses her interest 
ins 


eoe the application of computers and mathematics to the solu=- 
tion of problems in science, particularly in the study of 
atomic structures. This is an area in which certain experiments 
are not feasible and theoretical results are required for 
analyzing data, such as those received from rocket and satellite 
observations of the solar corona. The temperatures and pressures 
are so extreme in the sun that these cannot be reproduced in a 
laboratory set-up. Theoretical calculations are necessary to 
determine the behaviour of atoms in such an environment 


Some scientists may rely on programmers who have sufficient know= 
ledge of the field of science to understand the problem and solve it by 
means of the computer. Dr. Froese emphasizes that for programming in 
scientific areas a general education in science and mathematics is essential. 
Further she adds that in many areas a knowledge of statistics is of prime 
importanceo 


The general trend today is for prospective scientists and mathe— 
maticians to receive instructions in the use of a computer as part of their 
university education and to use it as any other scientific tool at their 
disposal. Employment opportunities in the electronic computer field tend 
to be concentrated in the area of office data processing, where the computer 
installation may be very different to that found in scientific areas. 


Research scientists work together in closely knit groups, check= 
ing and arguing with each other, often confronted by set-backs and tedium, 
at times excited about rewarding discoveries. These working teams draw 
upon other specialities for assistance and find new directions for in- 
vestigation. These are the professionals, who are in turn part of a 
larger community of scientists in the same field who, by their association, 
cut across boundaries of country, race and even language. 


A remarkable example of the international nature of scientific 
research is the recent break-through in atom-smashing physics — the 
spectacular discovery of the "Omega-minus" particle, its nature and the 
orderly pattern into which it fits with nine other particles. 
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In 1959 a Japanese mathematician, Y. Ohnuki, suggested that the 
pattern of particles could be studied by the use of a mathematical device 
called a unitary transformation. Later, proceeding on this basis, a 
group of physicists at the Imperial College in London, England, carried 
out a study of the structure of matter. The group consisted of Professor 
Abdus Salam, the brilliant Pakistani physicist, Professor John Ward, from 
Oxford University, and Yaval Neteman, an Israeli research student with 
engineering experience. Independently, at the California Institute of 
Technology, Professor Murray Gell-Mann, also a theoretical physicist, 
arrived at the same answers as the London team. 


In their study of the nature of the pattern of the particles, 
they found that a definite symmetrical pattern was formed, which consisted 
of ten particles, nine of which were already known. This was in 1961. 

By 1963, because of this work in predicting the character and position of 

the tenth particle, a group of American scientists at the Brookhaven National 
Laboratory on Long Island, led by Dr. R.P. Shutt, experimented and verified 
the earlier prediction of the Omega-minus particle. They determined its 
position and the nature of its splinter-like action. This dramatic piece 

of scientific investigation, brought to an end this particular branch of 
nuclear physics and marked the beginning of a new understanding of the 
"structure of matter and the forces which hold the nuclei of atom so firmly 
together." 


"The International Year of the Quiet Sun" is another example of 
international cooperation in scientific research. The conditions for upper 
atmosphere research are at their best from 1964 to 1965. This is the quiet 
phase of the sun and so provides an excelient opportunity for observation. 
A giant cooperative scheme has therefore been launched to find out as much 
as possible before the cycle of sunspot activity starts all over again. 
Canada is taking an active part in this project as part of its over-all 
space research plan. During the "International Year of the Quiet Sun", the 
Canadian government's cosmic ray stations are exchanging data with other 
such stations the world over. 


Canada has developed its own pattern of research activity, in- 
fluenced considerably by its large territory, scattered population, the 
nature of its economy and particularly the stage of its industrial growth. 
Research is carried on in federal and provincial government agencies, in 
research foundations, in the universities and to some degree in industry. 


The research centres that have the money, facilities and staff, 
cooperate with each other to make the best use of these for furthering 
research. The National Research Council, a federal government agency, 
frequently contracts specific research projects in the universities or in 
industry, while still carrying on an immense amount of research in its own 
laboratories. So too, various departments of the federal and provincial 
governments, cooperate with industry and other groups to solve industrial, 
regional and local problems. If it lacks research resources, an industry 
may contract a project in a university or government department. The food 
and drug industries, for instance, may subsidize research in nutritional 
or pharmacological problems. 
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The Ontario Heart Foundation, a private research organization, 
recently delegated the Faculty of Food Sciences, University of Toronto, to 
make a study of sodium-restricted diets and to develop diagnostic foods 
for the treatment of certain heart diseases, hypertension and nephritis. 


Out of this network of interlocking science research, Canada 
has developed "a very strong committee system". An example of this system 
is seen in the "Associate Committee on Space Research", which conducts a 
large-scale research program. The Gommittee is comprised of the National 
Research Council and other government research agencies along with seven 
universities and various industries. Canada’s high altitude research has 
been conducted under this unified plan. The launching of the “Alouette”, 
the space probes with rockets, balloons and satellites, the building of a 
radar laboratory, the study of the effects of the magnetic field over 
Canada and of the northern lights on radio communication, the development 
of communication satellites, have all been part of this cooperative research 
planning. 


Quelifications for research depend on the nature of the scientific 
investigation and on the position of the research worker in the hierarchy 
of the research enterprise. At least one university degree is necessary. 

A reading knowledge of at least two other languages is valuable and obli- 
gatory in some science courses. A bachelor degree in science may be enough 
for an assistant's position. Often assistant research work will lead to 

a post-graduate degree. A Ph.D. (which means seven or eight years of 
university study) is absolutely necessary for the top levels of research. 
The more experience and training obtained, the more interesting and reward- 
ing the work. 


Apart from academic qualifications, certain personal attributes 
are necessary. These have been discussed elsewhere in this study, but 
should be emphasized again — capacity to engage in logical and highly 
abstract thought, imaginative insight, insatiable curiosity and the ability 
to do rigorous work which in most cases calls for discipline and patience. 


Research takes place where there are needs, facilities and money 
for the job to be done. Research workers move around, according to where 
they can learn the most and where they are needed. Then too, out of 
research findings, a scientist may acquire new insights that take him or 
her in another direction. This is the exciting part of scientific research. 
This is the developing aspect of a scientific career. 


- One scientist, who began her career as a chemist in pure research, 
found herself gradually attracted to biological chemistry develop-= 
ments.e She proceeded to do some post-graduate study in this, and 
now is engaged in hormone research in an agricultural animal re- 
search department, as a biochemist. 


- A "Computer Systems Programmer" whose training has been in mathe- 
matics got her first job in the accounting department of a govern- 
ment research centre. Working on a hand-operated computing 
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machine in the office, she became interested in computing. 
She was able to qualify for a transfer to another department 
where the programming of an electronic computer for engineer- 
ing problem-solving was more of a challenge. "With further 
mathematical training, this work should become more inter- 
esting", she says. "A research worker just never stops 
learning{" 


A mathematics and physics university graduate, through 
summer employment in a hospital laboratory, became inter-=- 
ested in the application of the principles of physics to 
biological research in the field of medicine. She is now 
working on her Ph.D. and teaching in the biophysics depart-— 
ment of a cancer research centre. 


When considering the universities and their research opportunities, 


it is easy to overlook valuable areas of scientific activity which do not 
fall into traditional divisions of science. Courses of study which have new 
names and new alignments may offer attractive opportunities for scientific 
research in the physical sciences. 


The Faculty of Food Science in the University of Toronto 
(formerly the Department of Household Science) stresses 
science training and specialization in relation to food, 
nutrition and textiles. Then again, sometimes a unit 
which specializes in one of the physical sciences will be 
tucked away in some other department or faculty. A medi- 
cal faculty may have a chemistry department which specializes 
in allergies. Or again, a department of physics special= 
izing in radiation physics may be working with a university 
medical faculty. in research and teaching. Also important 
and sometimes forgotten is the research related to the geo- 
logical sciences which is undertaken by museums. 


« Federal government agencies and departments, as well as those of 


provincial governments, offer excellent opportunities for scientists and 
mathematicians. 


The National Research Council employs many scientists for 
both pure and applied research. 


The Department of National Health and Welfare employs some 
physical scientists in its research in nutrition and 
pharmacology. 


The Department of Agriculture needs physical scientists to 
work in the plant, animal and food divisions of its Research 
Institute. 


The Department of Mines and Technical Surveys employs many 
scientists, particularly in the geological and related 
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earth sciences - "everything from palaeontology to bio- 
geochemistry, from electronic computers to neutron genera- 
tors oo." and also includes Canada's three Observatories 
for astronomical research = Ottawa, which specializes in 
positional astronomy, Victoria in star spectrography and 
Penticton in radio-astrophysics. 


= The Dominion Bureau of Statistics employs mathematicians 
as statisticians, who analyze data and provide mathematical 
solutions to problems. 


Not to be overlooked in the research picture, are the many mathema~- 
ticians employed in research projects as statisticians, actuarial 
mathematicians or as numerical analysts in the electronic computer field. 


Good, highly qualified scientists msy also find opportunities for 
research and teaching in other countries. "International cooperation in 
science and social development" is part of the United Nations policy. It 
has set up a program to provide means for scientists and technicians of 
the 'developed’? nations to assist less developed countries in training 
scientists and in carrying out scientific research. In Canada, the govern=- 
ment, the universities and many organizations are cooperating in this 
movement. They assist financially so that research scientists and teachers 
may be sent abroad to the countries that need them. 


Library Work 


There is an urgent need today for more trained librarians who 
have specialized in science or engineering. Librarians with a science 
background will find a great variety of opportunities, whether in the 
general type of science library or working with more specialized collec- 
tions. These library positions occur in industry, in federal and 
provincial government agencies and departments which concentrate on re= 
search, such as the National Research Council, in research foundations, in 
science divisions of university libraries and in large public libraries 
with science or technical departments. 


The rapid advance of scientific research and the technological 
developments that accompany it have resulted in a massive stream of 
scientific literature. Scientists have estimated that there is a doubling 
of scientific knowledge every ten years, In fifteen years, the volume of 
chemical abstracts alone has quadrupled. One American firm has figured 
that "for any research costing less than $100,000, it is simpler to repeat 


the research, than hunt for existing papers on the problem o..". 


The scientist, in seeking information for a research project, can 
no longer depend upon traditional library organization and method to obtain 
it. “Instead of one or two sources for his information, he must now con=- 
sult fifteen, and still not find what he is looking for. This has led to 
frustration, to irritation with the older established forms which have 
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traditionally organized scientific knowledge by disciplines, and to almost 
frantic effort to invent new forms, new institutions, new devices which he 
thinks may solve the problem for hin." 


The problem of abstracting, indexing, storing this flood of 
scientific literature and of applying it to the needs of the scientist, 
efficiently and quickly, has become extremely complicated and difficult. 
A re-examination of the place of the library and the librarian in the 
dynamic scientific world of today is taking place. Traditional modes of 
library practice and old concepts of the qualifications of the librarian, 
especially the science librarian, must of necessity change if the library 
is to fulfil its responsibility as an information centre for scientists. 


Streamlining of library procedures and increased mechanization 
have been occurring in libraries for some years. For example, the National 
Research library, to meet the growing problem of listing its publications, 
periodicals and other serials for the use of other science libraries, has 
developed a mechanized system of its own. It also uses a data processing 
type of computer for indexing. 


Also, the use of computing equipment in the organization and 
retrieval of information is increasingly displacing traditional methods 
of cataloguing and classifying library material. Recently in the United 
States the Library of Congress, pressed by its growing problems of re- 
search operation, appointed a "survey team" to look into the possible 
application of automation. This committee confirmed the view that in large 
research libraries the use of such devices is now technically and economi= 
cally feasible. 


The educational qualifications of a science librarian, therefore, 
call for a broad range of knowledge. In university undergraduate studies, 
the humanities as well as sciences, should be included. The minimum re= 
quirement for entrance into the one-year course at an accredited library 
school, if a science library is the goal, is a bachelor’s degree in science 
or in arts (with mathematics and science options). Here again, as for 
teaching and research, a reading knowledge of at least two other languages 
is advisable. Post-graduate study for the science librarian may be essen= 
tial if he or she is to serve in a specialized science library. 


In addition to these academic requirements, the personal 
attributes that befit all good librarians are important - imaginative 
curiosity in and enjoyment of the search, the desire to assist others in 
their pursuit of knowledge and ability to work with people. 


A scientist who chooses librarianship as her profession, will 
find it a challenging and satisfying career. The excitement of scientific 
research may be hers too, in her cooperation with the research scientist. 
There will never be a dull moment$ The science world changes, so she too 
will change. In a lifetime career that includes marriage, library work 
offers needed flexibility, and part-time schedules, often an important con- 
sideration for a married librarian, may be possible. 
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Scientific Writing 


Writing about science and technology is fast becoming a profession. 
It requires writing skills and a background of education in science. Its 
functions are increasingly important in our society. The language of 
Science and the vocabulary of each speciality is different, much of it not 
understandable even to other scientists. The writer comes as the inter- 
preter, putting the specialized information into terms of every-day life. 


ocientific writers include both the science editor or writer who 
writes and edits for other scientists and the technical writer or science 
journalist who writes for the general public. 


Science editors are usually trained scientists and may often 
combine editing with teaching or research. They may be responsible for 
editing research material or the proceedings of scientific societies, or 
producing a scientific journal. Editors not only must be able to prepare 
articles for publication, shaping and clarifying the presentation, but also 
require knowledge of printing processes and techniques. 


Technical writers may produce manuals or brochures about some 
particular aspect of science or technology. Sometimes they are employed 
by an industry to describe a product or by an organization to explain some 
feature of its work. They will do their own research on the subject, con= 
sulting the scientists, interpreting their findings in simple non-technical 
language, arranging for illustrations and finally guiding the material 
through publication. Occasionally such writers are asked to prepare re=- 
ports on a technical subject or a research project for the use of manage- 
ment. The writing of publicity material or sales letters may be assigned 
to them. Such writers are often employed on a free-lance basise Some- 
times the technical writer may be the librarian in an organization. There 
are many variations and combinations of scientific writing. 


scientific journalists do still another type of scientific 
writing for general consumption. Popular articles or books on science call 
for writers of ability with a science background. If the discoveries in 
science are to have an honest effect on human culture, they must be under- 
standable. The problem of communication between the disciplines, between 
science and the humanities, weighs upon the minds of many contemporary 
scientists, philosophers, artists and teachers. Scientists who have the 
gift of expression may be able to help by explaining or illuminating the dis-~ 
coveries and truths of science. 


There are no hard and fast rules for training as a science writer. 
There are, however, some essentials - a university degree in science with 
broad knowledge of languages and literature, as well as ability to organize 
material and to write clearly. In some cases, a post-graduate degree in 
a science speciality is necessary. 
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A woman scientist who is also a writer has said, "Technical 
editing and women scientists are made for each other." This holds true 
for all forms of scientific writing. It is a flexible occupation, 
operative full-time or part-time, and, therefore, an inviting field for 
the married woman who is qualified. 


Technicians 


In“seienbifie-research, -for-every brilliant initiator, there are 
numbers of capable people who work as assistants. Many such workers, 
employed in the science laboratories or in field work, carrying out the 
instructions of the supervisor, are highly trained scientists who are 
there to gain experience and training as they advance in the profession. 
There are many, however, in these laboratories who are employed as tech- 
nicians and who play an important part in a research project. They are 
the non-professionals, the skilled assistants. 


The qualifications for a technician vary with the nature of the 
scientific work. Generally, the requirement is a high school certificate 
plus post-high school training in an approved institute of technology. 

This may take from two to three years, with science and mathematics as the 
main subjects. In addition, because of the exacting, detailed work in a 
science laboratory, the technician must have patience, thoroughness, manual 
dexterity and preciseness. 


A research supervisor in a large industrial laboratory made 
this further comment regarding the qualities of a good technician: "I would 
put reliability and complete honesty first ... Much scientific work is tedious 
and repetitive ...". 


Opportunities for women who are trained as technicians are 
numerous in the physical sciences. They will be found wherever there is 
research, basic or applied, in the laboratories of government, industry or 
university. Some technicians, by adding to their experience and taking 
further training in a science speciality, may advance from the technical 
level. The combining of work and education is more and more possible. 
Technician work in some laboratories may be adaptable to part-time work, a 
fact which makes it attractive to married women. 


a | (ya te an 
a ‘ 7 MLS or 
isotpiiceT* bisa iia ‘aadbew 6 - et oriw te.tdm a 

7 eurt abLor ata ‘Ny terifo doze rot eh easels eis remo E hos yok tt 
- widkdequooo eldfxelt 6 ef SI oom Sede OFT. ins toe to enerot poe 
not biekt gnidivat as .erotereds bets (oaths graq to emi t-Lint ev 


| . : si orw hamow bel 
| east) boo 


= 


: —— — 

ev ered’ .soteitlut tmatifiqd yreve tol ,.dowmesey afttémelce ma a, 
.2iovrow dovn Yuet .udnasaless 66 tre éfw efgosq oldsaso te etedmunmt 

t pt hero fet 

$d2 suo yifyrtss , wow “bie 2% nt to eeftotvadedst eovatoe eng nt Deyoldm 


& 
ero odw etetinetoe beakses’ pldgitt ets ,reatvreque end to seeampiegisor 
Lac bane Vonl od ot sonevba vert es gatatesd bas eonsiteqxe cis ot exe 
foed a6 beyofqae site ow 6061076 ~odsl sealt at ,tevewod .vfam ets ens 
ro yor? ,foetow dowmeset 6 nt Stag Suairocm’ as yeld orfw bas ankess 
-etaadJetass bel Lisle ens "alacetteetooe-oen an 


sit to srtsn of Adiw yrew metotardoes s Wet anotiastttisap wil’ 

ateorthrrss fooloe ruth « et treweviupey SAF ~ylisvensd .A#tow ofttvnt al ; 
«ktnolomice! to eiuiivent bevoigge ne ruf sntntead Loosine dintd-seod, | 

eds es sofcmmedtad bas eomefoe diiw ,ereey Betdd OF ott mort ened your 2 

e nt show helfodsh oartoexe ott To sevaned mottibbe nl .edoetaue & 

fsunsn ,sseriguorcds ,Sonotteg sven dean natotmdved efi .yrodverodal Sat toe 

~sesnectoery bos ytitedz 


abay yvrotevodel Lfanttenbat easel 8 at teiviequs notssast A —_ -_ 
pluow I" trefoteartsod Kean » to eabtifeup ety gqlbieget siemmos xed * 
3 neridoatoe dod os} tBLfl weer efelqmoo bre yitiidatt i 

evant svisiteqet 


be 


@ 1 ansiofuiioet 8s a art oye odW pemow Tol eeketaudioqqo 
er 2 a yevervodw brwe't ed (thw ved .aeometoe Iaoteydq edt abe 
to yiceube (PROMUITLS VOR nine ehrosstodal edd at ,betilqqs to olesd ,fotaes 
; - ae + tee vidios wos tkedt of ankbbs yd ,aneatoindost emote avs feet. 

vhe yam  Gilekosqs “gonetos 6 nf gtintesd teddy’ 
” (alobamod ‘errom ars Som et neheasite bas Aron To grintdame ent +f eve 

‘gs tow amit-Preq of eldsr7qehe so Yom astrosstodal emore ni arow ef “is 

remew bebirsam of evktositis df ee Hoidw 9p 


Payee ae 
FINANCING AN EDUCATION 


Worthwhile opportunities in the science field are available only 
to the highly-trained scientist. For many students who have ability and 
are serious about a science career, to finance the required education would 
be extremely difficult, even impossible, without assistance and careful 
planning. 


Scholarships, fellowships, bursaries and loans 


Happily there are numerous sources of help - scholarships, fellow- 
ships, bursaries and loans. Many of these are available to students in 
technical institutes as well as to those in the universities, 


Scholarships, bursaries and other awards vary in value from sums 
that cover the complete cost of a course to smaller amounts and they extend 
over differing time periods. Some are based on the student's financial 
need and ability to pay fees. Students should collect the facts about the 
nature, the extent and the requirements of each award they seek. 


The needed information may be obtained from the high school princi- 
pal or from the registrars of universities and technical institutes. Univer- 
sity calendars include scholarship information for the individual university. 
The student should have the necessary information well in hand before the 
final year of high school has started. 


Government agencies, industrial and business firms, educational 
institutions, scientific societies and private foundations, offer a variety 
of scholarships and loan funds to worthy students. 


The Royal Canadian Institute offers scholarships each year to the 
two top science students entering their final undergraduate year in any 
university. 


The Imperial Order of the Daughters of the Empire and also the ~ 
Canadian Federation of Business and Professional Women's Clubs are organiza- 
tions that contribute substantial amounts in scholarships every year, many of 
them for science. 


The Canadian Federation of University Women each year offers four 
valuable scholarships or fellowships. Two of these are for study abroad. 
One, the A. Vibert Douglas Fellowship, is unrestricted as to subject, place of 
research and whether for graduate or undergraduate study. In 1964, the 
Fellowship amounted to $2,000. 


The Zonta International recently awarded a $2,500 Amelia Earhart 
Scholarship to a Canadian woman scientist who is now undertaking postgraduate 
research at the Institute of Aerospace Studies, University of Toronto. 


The National Research Council not only offers a number of science 
scholarships for study in its own laboratories, but also takes part in a NATO 


7 qh Rs, 
: i? ADUGR 
| sno ee Sain 


tino eidalteva es blett gone hee ries at% bit hoe ode my sia elinwdsreW 
ima gikirns eva odw etnebate yaem 10% det pa i 
bivow sottsochs begtuper edt eonenht oF , o 
[ifierss bre eonstetees. vodsiw eldberogatt - 


toa ry oon aa 108 ag: 
ro fiat “= oreo 


ensol brs soiyeonid .enttipwolle? , 20 eee Loring 


~wolfet ,eqidersionve - qied To seotuoe ByaTeRUA exe exert yitqgest et 
rt ad Hebuse oF ers? ve ano seadd to Una .ensol bas cofisetud eqtie 
_satolereviay edt af esodt of we lew ap aotuitiont Leoindoes 


ese moy! culev at yrsv abtews tédito fas eeltaead , agit dereLottes is 


bnotxe yertd bia efovoms ~oltams of eemgoo & Yo feos stelawon os sevoo Fs cig 
{sronsat?t aldnehude odd mo bessd site enoG sebotxeg anit aniwetiib seve 


ort guode etost odd toelloo birode etre (& .sset yaq of ytilnde hae — 
efese vedt brows doas to etriomeuteget ad bns Jes end owas 

-lontig Ioorlee ngii edt mort beutatdo ad Tam nok sanrvo'bnt bebeen odT i 
-tevidd vaetutttemt Lsoladees bas esis late vitg to areitetset ed? mort. ots tag 
5 witesevianr Levbivyihbat eft tor nottemreta! gidavaieisa ebulont erabnslso ate 
edt sroted beed at Liew motdartotat yreesepen omy sven bisvode taelate 
sbestete ead Loodoe dyld to ta98y ant 

i. 

lsnoitsoube ,amcitt seenktesd one Ieirtesbal ,Setomege dneamrwved0  =—=— 
wistrsy 6 se'tto ,emotdebnvel etavirg, bar eotsetoon of titnetoe smoktuatiant 
eatrebude yidrow of shew’? asel bre aqidersforoe 10 


eft o¢ 1s90y dose eqt iipcam Serio eretto sdiutitend apthene) Leyof ed? 
uns oi tse efsuberprebay Lent? sted? gobusine efnebuve vonetoa got o 


ein exv in 


le 


- ad wet os evil ode to evetdaged etd Yo tebxO Lefreqml edt 
-astissxo ss aduld etremoW Lanobeasto- f baa eeonten€ Yo notterebet. we! pcs 
to Yiec ,reey Yreve eqinetelolog mi efmyoms Lat inetedve egudrtiaos tedd Ap 
esortetoe 07 | = 

: = 

“uot avetto tesy dose nemo yetetsvinU to nottersbel asibens) edT Pak 
sbaotds ybinte tol ers seedt to ow! .eqtdewolfe? to eqiderstosdos | eldssl 

to voslq .dostdue o¢ es betoitisenw ot gidewollet ealgucl sredtV¥ oA ont 
eda Weel al 4. ybute edsybergisbw yo etevbery 107, ‘secitondw brie tio" | 
:000,58 of beta oma ahiewol 2" 


4 

Pestiantt abfoms O02 St s bebraws yliaeoet fsnotsaqwdal adaoS ‘oa? ce a) 
osaubsrgiacg ytalsdrebens won ak odw teitmetoe samow netbeans) 8 os Sea 

sotnatol to ysrereviny (ysetbude esaqeotes to. etudidenl ont son 2 


sonsios Yo tedmun # eretto Yine Jom Lromrod donsecest Lenoteatt M oct 
OTAH a nt oq gedat coals dud ,esitotsrodal awo ett al hans - t eqine: 
in 


tenn 
> 7 ” 
Yeat 4 a 


a ee 


plan for the international exchange of students. In 1964-65 it awarded 26 
such science scholarships for Canadians to undertake post-graduate or post= 
doctorate study abroad, 


Loans are available from various sources; in order to ensure the 
most favourable terms the student should seek the advice of the registrar 
of the institution where she is studying. A new source of students loans 
was established during the current session of Parliament when The Canadian 
Student Loans Act was passed. Under this legislation the designated author= 
ity in each province that takes part in the plan may sanction bank loans 
of $1,000. a year up to a total of $5,000. for full-time students in 
approved institutions above the secondary school level. The students must 
have shown their need for funds and have attained satisfactory scholastic 
standards. The federal government will carry the interest cost while the 
student remains in full-time courses and for six months afterward. 


Summer employment 


Another way of increasing a student's finances is through summer 
employment. This is particularly valuable when the job is related to science. 
Work in the laboratories of universities, hospitals, industry and government 
is often possible. High standing in university studies may be a factor in 
obtaining some of these jobs. The National Research Council offers a variety 
of opportunities for summer jobs in its research laboratories on the basis of 
merit. 


Working to continue education 


If it is financially necessary to terminate a science course before 
a degree is obtained, it is sometimes possible to work on a part-time basis 
while continuing studies. The nature of the job will of course depend on the 
level of education reached. Some students acquire teaching positions or 
assistant research jobs, while studying for a post-graduate degree, or, if 
working for a bachelorts degree, teach at the elementary school level (having 
met the required teacher qualifications). Under some circumstances, the 
employer will permit time off for a part-time course and even leave~of-absence 
for full-time study. In any case, a science student who is serious about a 
science career and has the ability, should be encouraged to investigate all 
sources of assistance before dropping a course of study. If it should be 
necessary to take a job, it is important that it have some relation to the 
student's field of study. 


a n }. 
~ 


ee 


_ 
- _ oe 
Be . ‘ 


: v 


AS hebrew gt BML nt a pbute ‘io opnsifoxe Lenctrametat 
~feaq to oJeubara-seo0g eras Pee itn a ae(EHe te 0B " 


= i 
i : “sy | ee | 


oft seterese of Lohiled at gaoo moe ‘enter neyy t sitar wis 4 gah 
abytetnet odd te soivha std teed biwore daehite end aired s “ghee 
enaol Sear bute lo eouwtes wen A omar yw #8 Be ope etedw nokdashie 
fekbeval oul wernw tnsmatitel to nuteaes dnertid ed) grixa6 bes. td ages 
Toners peapamnibwers ond sottaletsel abdy sohal .Suacey €4W Jon Bm 
ahaof dned aotvonse vant nblq ert at dnaq eedsy dar? gorhvartg tiose ¢ 

et atnehete enist—Lig} tot 000 , 28 Qo Iaind & OF qr teey 6 .000 0 

*eon etaeduds -oril «Level Looilds yrehiooss ei? oS vous % Br obtvatdant ve 
sige: Yrotortalyse be rLedwe® eved bas sont sot heey Ls : 2 
ty . 


fens teevatnt ott wereo Lliw soemttyvevog Letabot of 
heawrests siuvnom xike To? DNB seetWn> Omi ret Git at entanes foe 


» 


whe 
ef dun! Wels 
ye 
hs 


“ait 


e 
- ‘ ol te 


dnaarye 


»* » “ e ‘ > oy el % = wea rt As 
danerid af eeonentt @? hays eho t. 2 oe avon. th Yew 124) 00K 


dnugikse of bedatae ox dot oft medw eldanlavy Giasluotiraq ef Bh a oS 
Sheurrevoy ons ywreevbrt afadt quod .ael¢éteiswiny ‘To woditataidids i eng nl 
fit vodost » od yer sebbate ytketevins of pAEDRETe AAtA OL: frebed me to er 
yioixev 8 axeTto Lronmead dorseest Lgnomtan © i edof sauty Ta enoa gy tntadd 
P ; or 2 ‘ ee, 
lo afesd od no askrotevodel doiseuer ebt ni esdOt toumya Tol as! 4 Saw rege’ _ 
Gotteoube suntiaos oF y 
swied sauiop Bxietoe & edentaried oF Yams w viistonsatt er gi TL... 
‘ ‘ r '™ 
ehesd omkd-ieeq ano wetow OF sldbeenty eertJemos ef Sr penksido af oeTg 50 


sit mo hascab sesoo to Litw dot eit Io smwtsa od? eethuse Ease 0 i “otk 

co oroidteod untrosed oxtupos erxmeabste omos sberoses nokssnihe evel 

25 7..%0 gotaeb agaubory-Jeey 8 t6t gaivbute olidw ,edol, notsedeT oF 

otived) Leyel Tooise yrednouele ode ta dosed woygeb a xoledaad & vot 9h to 

ocd \aeonstamorko bnoe tebau vlanotssoltilavup xedesed bertupe $4 : 

soreede-o~evael neve bie perucs emid-tesg 6 tot Tle omtd tiorteq ILtw a WoL 

juods avotrae 41 ow daebude eogetce | sao Ye ol «Yoo te emis~ {ot be 

Lis otenlisevnk of bogeiyoone ec ODyorde ,¥ rstlid ig edt sen bas testso ie) 

od bloosa at 4 aipside to satvon s aniaqoth stoted esnainiaes to seo a 

ont of acktalos omos svad J2 Sond dnbiioqal et Sf dot s esed od te 38 
ybude Yo bios’ aN 9) 


cm 


DEVELOPING EARLY INTERESTS IN SCIENCE 


Some interesting points about characteristics and motivations of 
young people are raised in a book by James Coleman The Adolescent Society. 
He points out that, because of increasing social sophisticaticn, adolescents 
are not inclined to be content with a passive role. They spend a large part 
of their lives in school, where they must sit and be taught, where assign- 
ments are commanded. They are expected to conform both in and out of school. 
If a "floor and ceiling” is put,on learning and scholarly effort, creativity 
and independent thinking tend to be stifled. If a submissive, passive role 
is forced on young people for such a large part of their lives, they will 
and must seek outlets for release. Often their energies and discontents may 
be channeled into worthwhile activities outside of school, such as hobby 
clubs, debating, school newspapers, drama and music groups, and athletics, 
where competition issought and enjoyed. 


Parents and teachers are in an excellent position to help young 
people seek constructive activities which will stimulate science interests. 
Cultivating a science hobby, while providing a positive outlet, also increases 
the enjoyment and the knowledge of science on the part of all who participate. 
Those who have ability and a particular interest in science, would also be 
encouraged to develop their talents. 


The home and the school are the mest important influences on the 
development of young people. When participants in the Canada-Wide Science 
Fairs have been asked, on filling out their application forms, how they first 
became interested in science, they have listed teachers, reading and encourage-— 
ment of parents as most influential. The Radcliffe Survey on women scientists 
would corroborate this. Many scientists also concur. 


- A research chemist writes, "My father was an enthusiastic commun= 
ication engineer .e. Some of his enthusiasm rubbed off conto me. 
I also had a natural inclination towards scientific subjects, 
especially mathematics, at school. When at school I read as many 
tpopular sciencet books as were then available, particularly bio- 
graphies. I was determined to be a scientist from the age of 14." 


- A palaeontologist, whose father was a sea captain, says that her 
early environment had great influence on her science career. Her 
father brought home from his world travels many interesting objects 
of the sea and curiosities from lands far away. 


~ An astronomer tells us that her interest in science was stimulated 
in her home from childhood, especially by the gift at Christmas and 
birthdays of books, often adult books not fully read or comprehended 
at the time, but proudly possessed and partly understood. 


- A geologist attributes much of her success in studying and under- 
taking geology as a career, to her father, whose passionate hobby 
was the study of the natural sciences. His children accompanied him 
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on his excursions and were accustomed to having their home 
crowded with speciments of rocks, plants, insects and even the 
occasional snake! 

Ways and means of stimulating scientific interests are many. In 
the school, the science teacher may accomplish much by such devices as films, 
bulletins boards, science talks and contests among the students themselves, 
and by those extra insights some have for making the subject interesting and 
challenging to the students. If a climate for eager discussion and bold 
activity is created, extra-curricular pursuits are more likely to thrive. 


Competition between groups, classes and schools, rather than between 
individuals, is valuable. Classroom science demonstrations during school 
open-house nights; science fair competiticns such as those sponsored by the 
Canadian Science Fairs Council; participation of students in science programs 
and contests with other schools; science essay contests, such as those of the 
Royal Canadian Institute = all these are helpful ways of promoting science 
interests. Scien tists invited to speak to the students and also to meet them, 
visits to nearby university open-house events and research laboratories are 
also important. For girls particularly, the personal contact with women 
Scientists, a chance to meet and talk with a woman who already has achieved 
Some measure of success, may be valuable. 

trips to museums, observatories and planetariums. 


Also nari are 
‘tive when there is a direct relation to school study 


These are especially effe 
or science hobby. 


The valine of good books and periodicals on science, cannot be overe 
emphasized. Museums and planetariums may not be accessible to many children, 
but good literature is within the reach of all. 


@ are a few examples cf clubs and organizations that encourage 
science interests sh 5 young peoples 


Science and Mathematics Clubs in Schools 


If conditions and facilities are right in the school, there is fer- 
tile ground for all kinds of club sctivity. If a science or mathematics 
teacher has the time to encourage and guide the science interests, students are 
more likely to carry over their enthusiasms into after-school hours. In smail 
school units, urban or rural, encouragement of extra-curricular activities 
is more difficult and often impossible, when there is little space, equip= 
ment or personnel. With new trends in educational organization and the 
growth of larger school units on a regional basis, perhaps many of the prace- 
tical limitations will be overcome. 


An interesting development in the establishment of a regional school 
system, is taking place in the Montreal area, "Cité des Jeunes" is a move- 
ment to group high schools on a regional basis, taking students from as far 
away as 35 to 40 miles, and providing them with transportation to the new 
school centre, thus gradually eliminating the need for small rural or urban 
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schools. Educators hope that here at the high school level, an atmosphere 
similar to that of a college or university will be created - where there may 
be more stimulus for lively science activity, inside and outside school 
hours; where high calibre teachers, more resources and facilities and a 
greater variety of students from different backgrounds, will all combine to 
make more possible the formation of science clubs and encourage the "cross 
fertilization” of ideas. 


Amateur Naturalist Clubs 


Natural history or field naturalist groups are scattered across 
Canada, with a variety of names and projects. Most of them are connected 
with schools, museums or universities which provide personnel for leadership 
and facilities. (For a comprehensive list of these societies, see Chatelaine, 
March, 1964, page 82, in an article on "Help your child discover ... science", 
by Eileen Morris). Of special interest to those who wish to pursue activities 
relating to the physical and earth sciences, are those which include groups 
that study rocks, minerals and the stars. 


The Junior Field Naturalists' Club in Toronto, has a Mineral and 
Geology Group which conducts an intensive three-year study course. In the 
first year, a few of the more common rocks and minerals and the tests by which 
they may be identified, are studied. The members learn about minerals, their 
identification and uses, in the second year. EHlementary geology, including 
earth struchues anglaciation, are studied in the third year. "The big event 
of the year is the all-day mineral collection trip in May, which is a family 
outing." 


The Royal Astronomical Society of Canada 


This is an "organization devoted to the advancement of astronomy 
and allied sciences”. Its membership is open to astronomers, amateur or 
professional. Special membership is offered to a "student who is certified 
as being in full-time attendance at a recognized educational institution". 
The Society encourages and assists the formation of "Centres" which conduct 
programs independently. There are now 16 such centres across Canada. These 
often use the facilities and telescope equipment of nearby observatories. All 
members of the R.A.S.C. receive the bi-monthly "Journal" of the Society and the 
annual "Observers’ Handbook", an excellent guide for star-gazers. Active 
telescope making, observation and study groups carry on projects in all the 
centres. On many starry summer nights, in the large cities, you may find 
eager sky-gazers, old and young, members and friends, gathering in the parks, 
using their home-made telescopes or, in some cases, borrowing the use of 
observatory equipment. 
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PROJECTS FOR YOUNG SCIENTISTS AND MATHEMATICIANS 


The Canads—-Wide Seclence Fairs 
Every year, for three years now, from the Yukon to Quebec City, 
from Vancouver to the Richelieu Valley, enthusiastic young participants, 
winners cf an ever-growing number of regional science competitions, arrive 
at the Annual Canada-Wide Science Fair. This year, 1964, it was held in 
April at the University of Montreal, in cooperation with ACFAS (1*Associa- 
tion Ganadienne Frengais? pour L’Awancement des Sciences), The Canadian 
eet Aree Sniten iL « organizes and vaste ee ompinl era It isa 
bi 


The top wimmers of the annual competition, a boy and a girl 
receive an expense—paid trip to the "International Youth Science Fortnight" 
in London, England, during the summer. A number of cash awards and research 
materials ars offered. to the winners in the two main categories: the 
Diclogical sciences and the physical sciences. 


Top girl winner at the Annual Canada-Wide Science Fair in 1963, 
Beverly Davies from mph Ses Ontario when asked what science fairs had 
done for her, has 
students frem all 
hard on a science BES: 
participation in the 
wrete to the Women? 


pias fun in eeleen Further, as a result of her 
international Youth Science Fortnight in London, she 

s Bureau to say that she would be taking part in this 
Fortnight in England again this summer as a "courier'?, She also has been 
selected, with 51 other science students, to tour Evrope on a science trip. 
MWithout the trip to England last summer I could never have had the chance to 
go again. I am sure that these two trips will affect the rest of my life." 


The value of science fairs goes beyond that of the competition. 
Each participant, on his er her own iniative, has had to prepare a science 
project from beginning to end ~ in a limited way, perhaps, very much like 
the methods used in 4 science research experiment. They have iearned by 
*'doing® a science project, something of the scientific method and the value 
of independent thinking. They gain confidence through accomplishment, 
whether they have won or not. 


The qualifications for entering the competitions are stringent, 
and the quality of some of the exhibits has been on a very high level. No 
contestant is “under the misapprehension that an incomplete or unimaginative 
work could be masked by a flashy exhibit." Nor do the"winners consider their 
science grades as a prime indication of their chances for success." As one 
finalist expresses it ~ science fairs “are a good thing because they give 
recognition to not always the brainilest science student but often the one 
with ability to work at one thing and make a good project." 
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Carleton University - Computer Programming for Senior High School 


Students and Teachers 


For three years running, Carleton University, Ottawa, through the 
Faculty of Enginesring, has offered a course of instruction in Digital 
Computer Programming for high school students. Students from Grades XII and 
XIII who show mathematical aptitude and interest may take an eight-week 
course on Saturday mornings. Participation is on a voluntary, extra-curri- 
cular basis, with three students and a teacher invited from each school. No 
fees or texts are required. 


The course covers "the concept of the stored program, elementary 
computer logic, and programming ... The computational aspects of the computer, 
as distinct from its business data processing applications" are emphasized, 
Students, working with their own school team, are given a combination of lec- 
tures, workshops and laboratory work in the Computer Room. The culmination 
of the course is a 23 hour examination as well as the preparation of two 
major programs, the results of which are published by team. 


Mr. Malcolm Gullen, director of the course, reports, "We believe 
the course offers a significant challenge to the best of the students and 
teachers who come to us... Enthusiasm runs high. For the class member, 
there is the sense of achievement in gaining control of a highly sophisti- 
cated macnine. Output from the console typewriter is an immediate reward 
for effort. For the instructor there is the satisfaction at course end of 
watching a 17 year old youth operate the computer with a touch that approaches 
the professional. The rate of development of some of these young people is 
quite remarkable." 


Whether such a course is of practical value to a student, will 
depend on his or her enthusiasm and the time they are able to give to this 
extra-curricular activity. Sometimes a student’s school load is so heavy 
that the extra reading and time which might be spent on such a course, is 
difficult to find. This is why one student said, when asked about the 
computer course, "It would be much better to take an extra course like this 
while you are in Grade XII. The last year of high school is too busy and 
crowded with school work, to give the course enough time. The more you put 
into it, the more youtll get out of it." 


The importance of such an experience, however, is that a student 
who has an aptitude for mathematics, has had the chance to take part in 
mathematical problem-solving on another level and to gain some insight into 
the value of the electronic computer for solving problems in many areas of 
life. This is worthwhile, whether or not the student ever uses computers 
again. Another valuable by-product of an experience such as this, is that 
the students have been introduced to the university. 
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The Royal Canadian Institute - Summer Science Program for Secondary Schools 


This summer at the Grove School, Lakefield, Ontario, some 35 boys 
and girls gathered for a six-week science program. It was the second year 
that the Royal Canadian Institute had sponsored such a program. It is 
planned for the bright, intellectually inclined students from Grades XI and 
XII who have been recommended by schools across Canada and selected by the 
institute, Selection is on the basis of merit. Scholarship funds are avail- 
able to assist those who cannot pay any or all of the cost. 


The main objective of the program is to develop "an understanding 
of science and scientists" through lectures, field trips, laboratory work 
and discussions. Specialists in a variety of science fields, including 
guest speakers from universities, give lectures and guide discussion. Daily 
lecture-discussion pericds in mathematics "provide a continuous thread 
through the programme." There are many opportunities for experiments and 
projects which involve the use of laboratory and scientific equipment, such 
as telescopes. Visits to a museum, an observatory and a large research 
laboratory are part of the program. 


The program covers all aspects of science, from geology, astronomy 
and meteorology through to philosophy and human genetics. In speaking of 
the 1963 program, Dr. C.D. Fowle says, "No distinctions were made among the 
basic disciplines of physics, chemistry and biology. Students were encour- 
aged to use the principles and techniques from all three of these to gain 
insight into preblems. In this way the unity of science was emphasized." 


The students who have taken part in this program have responded 
enthusiastically to its challenge. They have enjoyed meeting others with 
similar interests even though from many different backgrounds. All their 
activities, their recreation together, the ardent discussions, their 
encounters with top scientists who challenged them to think, have added 
up to an exciting experience. 


It is hoped too, that the opportunity for a young student to enjoy 
such a program in a university-like atmosphere will help him or her to find 
a new approach to study and learning and new insights into all aspects of 
science. This should help too in making the best use of the last year of 
high school and in planning a university education as well as in choosing a 
career. 


"Camp des Jeumes Explorateurs" 


Cap Jaseux, on the Saguenay River, near Chicoutimi, is the site 
of a camp for young people of secondary school level who are interested in 
serious study of the natural sciences. The only requirement, apart from 
interest in science, is that the applicant shall have had at least eight 
years of school. Three camps of a two-week period are run during the summer 
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under the direction of Father Leo Brassard of Joliette College. While the 
camp at present is for boys only, it is planned that in a few years it will 
be enlarged to include a camp for girls. Because "Camp des Jeunes Explora- 
teurs" is such a fine example of summer camping experience for a young person 
interested in the natural sciences, we include it in this survey. 


Each camper, on entering the Camp, may select a group of his choice 
which will concentrate on one aspect of natural science study. They go on 
field trips, make collections of specimens, do as much research as possible 
in their chosen subject, work in the camp laboratory, join in discussions, 
receive some instruction from the grup supervisor, who.is a science specia- 
list, and make daily written reports of their findings. Each of them learns 
in varying degrees how to sarry out a research project. From speakers who 
are invited to lecture and in their discussions, they may also obtain some 
knowledge of the whole field of natural science. 


"Camp des Jeunes Explorateurs", through the nine years of its 
existance, has accumulated considerable data on the Saguenay region's natural 
history. All the written reports of those eager "young explorers" of its 
field and water life, its flora and fauna, its birds, rocks, fossils and 
marine life, will be a valuable contribution to the natural science history 
of this little-known area of Canada. 


There are other similar nature camps in various parts of Canada. 
Some are identified with school curriculums and conducted by Boards of 
Education, such as the Toronto Island Outdoor Natural Science School or one 
that is being planned in Regina, Saskatchewan. The University of British 
Columbia is also conducting a pilot project of this type. 
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FURTHER INFORMATION 


Associations 


LtACFAS (1*Association Canadienne Francaise pour ltAvancement des 
Sciences) - P.O. Box 6128, Montreal 3, P.Q. 


Astronomical Society of the Pacific - c/o California Academy of Science, 
San Francisco 18, California, U.S.A. 


British Astronomical Association - 303 Bath Road, Hounslow West, 
Middlesex, England. 


Camp des Jeunes Explorateurs - c/o Father Leo Brassard, Director, 
College de Joliette, Joliette, P.Q. 


Canadian Association of Physicists - c/o Department of Physics, McMaster 
University, Hamilton, Ontario. 


Canadian Library Association - 63 Sparks Street, Ottawa 4, Ontario. 

Canadian Mathematical Congress - 2500 Guyard Ave., Montreal, P.Q. 

Canadian Science Fairs Council - 48 Rideau St., Ottawa 2, Ontario. 

Carleton University — Dean, Faculty of Engineering, Carleton University, 
Ottawa, Ontario (for information re Digital Computer Program for High 
School Students) 

Chemical Institute of Canada - 48 Rideau Street, Ottawa 2, Ontario. 


Engineering Institute of Canada - General Secretary, 2050 Mansfield Street, 
Montreal 2, P.Q. 


Geological Association of Canada - Box 4029, Terminal A, Toronto, Ontario. 


Geological Survey of Canada, Department of Mines and Technical Surveys, 
Ottawa 3, Ontario. 


National Research Council - Sussex Drive, Ottawa 2, Ontario. 

Royal Astronomical Society of Canada - 252 College St., Toronto 2B, Ontario. 
Royal Canadian Institute - 191 College Street, Toronto 2B, Ontario. 

Society of Technical Writers and Publishers, Inc. — P.O. Box 3706, 


Beechwold Station, Columbus 1/4, Ohio, U.S.A. (Eastern Ontario Chapter, 
P.O, Box 2398, Station D, Ottawa, Ontario. 
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Society of Women Engineers - 345 East 47th Street, New York 17, Room 305, 
Bi aXooy U8cA. 


SCIENCE FILMS 


National Science Film Library - An agency of the Canadian Film Institute, 
established in 1962 with a grant from the National Research Council; a 
national circulating library of films on science and technology, providing 


» information services 
- A distributing service 
» Programming assistance 


Films range from the highly technical for science specialists to those that 
are suitable for the general public. The Library contains films from many 

Canadian organizations, industrial and government, and acts as a repository 
for science films of foreign embassies. 


Enquiries and requests for information should be addressed to - 


Director, 

National Science Film Library, 
Canadian Film Institute, 

1762 Carling Avenue, 

Ottawa 13, Ontario. 


National Film Board ~ Information on science films made and distributed by 
this agency, may be obtained through local representatives of the National 
Film Board, through the film divisions of public libraries, or by writing to - 


The National Film Board, 
150 Kent Street, 
Ottawa 4, Ontario. 


READING 

The following list of books on the physical sciences, the earth 
sciences and mathematics, was compiled and annotated by the Circulation 
Division of the Toronto Public Libraries. It covers the general aspects of 
the sciences, without going into specialized studies or technical books. 
Biographies of scientists and books on careers will also be found. The list 
will provide the science-minded young person with interesting basic books in 
the broad branches of science, and stimulate further reading. Libraries, 
scientific organizations and museums may provide more detailed and exhaustive 
lists if consulted. 
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Asimov, Isaac 
The search for the elements. Basic Books. 1962. _. 
A history of chemistry centring on the 2,600 year search for the 
elements and completing the periodic table. 


Baker, Robert Horace 
An introduction to astronomy. 8th edition. Van Nostrand. 1964. 
Clear and precise presentation of astronomy with a chaper on telescopes. 


Baldwin, Ernest 
The nature of biochemistry. Cambridge University Press. 1962. 
Designed to introduce and integrate the subject without oversimplifica- 
tion. 


Beerbower, James R. 
Search for the past: an introduction to paleontology. Prentice-Hall. 
1960. 
An attempt to answer some general questions about paleontology, with 
numerous line drawings. 


Benade, Arthur H, 
Horns, strings and harmony. Anchor (Paperback) 1960. 
Scientific bases of music and musical instruments. 


Berry, Frederick A. 
Your future in meteorology. Richards Rosen Press. 1962. 
There is a great diversity of activity in the field of metsorology, 
from weather forecasting to satellite meteorology. 


Bibby, Dause 
Your future in the electronic computer field. Richards Rosen Press. 
1.962. 
Career book stressing the influence of computers and their applications. 


Biddle, Harry C. and Vaughn W. Fioutz 
Chemistry in health and disease. Davis. 1962. 
Particular emphasis on biochemical topics, as pertaining to health and 
disease. . 


Carrington, Richard 
A guide to earth history. Chatto & Windus. 1956. 
Divided into three parts which unite to form a continuous pattern of 
evolution. 


Carroll, John 
Careers and opportunities in electronics. Dutton. 1963. 
Introduction to seven careers in this field. 
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Carson, Rachel 
The sea around us. Oxford, 1951. 
The science of oceanography is introduced in this fascinating example 
of popular scientific writing. 


Coleman, James Andrew 
Relativity for the layman. Macmillan. 1959. 
The story behind the theory of relativity and a simple account of the 
theory itself. 


Curie, Eve 
Madame Curie: a biography. Doubleday. 1937. 
The life story of the discoverer of radium, and the founder of the 
chemistry of radio-active elements. 


Douglas, Alice Vibert 
The life of Arthur Stanley Eddington. Thomas Nelson, 1956. 
A scientific biography of one of the greatest astronomers of his day. 


Binstein, Albert 
Relativity: the special and general theory. Crown (Paperback) 1961. 
A reprint of the 15th edition...to give insight into the theory of 
relativity. 


Fermi, Laura (Capon) 
Atoms in the family: my life with Enrico Fermi. University of Chicago 
Press. 195k. 
Mrs. Fermits biography of her famous husband, who opened the door to 
new developments in the fields of atomic and nuclear physics. 


Galambos, Robert 
Nerves and muscles. Anchor. 1962. (Paperback) 
Introduction to biophysics. Scientists now are beginning to understand 
how impulses are transmitted by nerves, and made to act upon muscles. 


Glassner, Alvin 
Introduction to nuclear science. Van Nostrand. 1961. 
Survey of nuclear science, including a series of eighteen basic 
experiments. 


Harland, Walter Brian 
The earth, rocks, minerals and fossils. Franklin Watts. 1960. 


Harper, Dorothy 
Isotopes in action. Oxford, Permagon Press. 1963. 
A Canadian scientist explains the nature, production, and uses of 
isotopes with particular reference to Canada. 


Hogben, Lancelot 
Mathematics for the million. 3d ed. W.W. Norton. 1957. 
Mathematics can be made exciting to ordinary people. 
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Jaworski, tJrene D. 
Atomic energy; the story of nuclear science, including many home 
experiments. Harcourt, Brace. 1961. 
Lively illustrations and simple, clear language arouse the interest 
and curiosity of the layman and junior scientist, 


Jeans, Sir James 
Science and music. Cambridge University Press. 1961. 
The science of acoustics is applied to music without the use of 
mathematics. 


Joseph, Joseph Maron 
Point to the stars. McGraw-Hill. 1963. 
An excellent illustrated guide to the constellations as well as 
planets and satellites. 


Kendall, vames 
Great discoveries by young chemists. Thomas Y. Crowell. 1953. 
Many important discoveries were made by young scientists such as 
Faraday and Davy. 


Lagemann, Robert T. 
Physical science: origins and principles. Little, Brown. 1963 
Authoritative textbook. 


Lehrman, Robert L. 
The long road to man. Basic Books, 1961. 
Evolution of animal life is presented through descriptions of the 
animals of each rung of the ladder climbing up to man. 


Lewis, Amele 
From college to career. Bobbs Merrill. 1963. 
Jobs for college graduates and pointers for high school students 
planning on going to college. 


Moore, Ruth E. 
Man, time and fossils; the story of evolution. 2d ed. Knopf. 1961. 
Evolutionary thoughts from Darwin to the present day. 


Muir, dane 
Of men and numbers; the story of the great mathematicians. Dodd Mead. 
1962. 
The lives of twelve outstanding mathematicians from Pythagoras to 
George Cantor. 


Munitz, Milton K. 
Theories of the wniverse from Babylonian myth to modern science. Free 
Press3201957 « 
Historical development of man's discoveries about the universe. 
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Nourse, Alan EH, 
So you want to be a physicist. Harper & Row. 1963. 
The training and work of modern physicists and their role in the 
scientific world. 


Paris, Jeanne 
Your future as a home economist. Richards Rosen Press. 1964. 
Science points the way to new careers in home economics. 


Plot, Helen, comp. 
Imaginationts other place: poems of science and mathematics. 
Thomas Y. Crowell. Poets and scientists have a link between then, 
and sometimes poets have anticipated the scientists. 


Pollack, Philip 
Careers and opportunities in chemistry. Dutton. 1960. 
One chapter "Calling all women chemists" points out the need for 
women in chemistry. 


Pollack, Philip 
Careers and opportunities in science. Dutton. 1960. 
A survey of all fields in science. American in scope, but of 
interest to all readers interested in a scientific career, 


Riedman, Sarah Regal 
Men and women behind the atom. Abelard-Schuman. 1958. 
Their schooling, their family life, and their work. 


Shamos, Morris H., ed. 
Recent advances in science: physics and applied mathematics. 
Science Editions. 1961. Designed "to convey the basic ideas in 
some of the newest and most active fields of study". 


Simpson, George Gaylord 
Life of the past: an introduction to paleontology. Yale University 
tessa ty 3. A clear insight into the work and aims of 
paleontologists, presenting a fascinating and authoritative picture 
of fossil life. 


Thompson, William E. 
Your future in nuclear energy fields. Richards Rosen Press. 1961. 
Nuclear energy has a wide variety of applications and unlimited 
possibilities. 


Wendt, Herbert 
The road to man. Doubleday. 1959. Written by a well-known 
anthropologist, this informal history of evolution is remarkable 
for its sympathy with all forms of life. 
Yost, dna 
Women of modern science. Dodd Mead. 1959. 
Eleven portraits of gifted women scientists from eleven fields 
of science. 
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Careers and opportunities in astronautics. Dutton. 1962. 


_Gourses and training in the exploration of space. 


are in U.S.A., but the information is timely and important. 


A list of Paperbacks and Periodicals on Astronomy 


prepared by Miriam S. Burland, Dominion Observatory, Ottawa 


Paperbacks 


This Universe of Space 


New Handbook of the Heavens 


Stars 


Radio Astronomy 
Between the Planets 


Ask a Question about 
Meteorites 


Earthquakes and Earth 
Structure 


The Individual and the 
Universe 


Life in the Universe 


Artificial Satellites 


Astronomy as a Career 


The Observer’s Handbook 
(An annual) 


Handbook of the British 
Astronomical Association 


Schools and colleges 


P, M. Millman C.B.C. Publications. Branch 
(8 radio talks) Box 500, Toronto. 1961 
Bernhardt, Bennett Mentor (Signet Science 
and Rice Series) 1952 
Zim and Baker (A Simon and Schuster 
Golden Nature Guide) 1951 
F.G. Smith Penguin 1960 
F.G. Watson Doubleday 1962 
H.H. Nininger American Meteorite 
Laboratory, Denver 1961 
J.H. Hodgson Prentice-Hall 1964 
A.C.B. Lovell Mentor 1958 
M.W. Ovenden Doubleday 1962 
(Science Study Series) 
M.W. Ovenden Penguin 1960 
F.D. Miller Bellman Publ., 
Cambridge, Mass. 1963 
Ruth J. Northeott Royal Astronomical 
Seciety of Canada, 1964 
252 College Street, 
Toronto 2B 
303 Bath Road, 
Hounslow West, 
Middlesex, England. 1964 
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Periodicals 


Sky and Telescope Sky Publishing Corpn., (Harvard College Obs.), 
Cambridge, Mass. 


The Review of Popular Astronomy Sky Map Publ. Inc., 
Post Office Box 231, 
St. Louis 5, Missouri. 


The Griffith Observer Griffith Observatory, 
Post Office Box 27787, 
Los Feliz Station, 
Los Angeles 27, California. 


Journal of the R.A.S.C. Royal Astronomical Society of Canada, 
(Bi-Monthly) 252 College Street, Toronto 2B. 
Publications of the A.S.P. Astronomical Society of the Pacific, 


c/o California Academy of Science, 
San Francisco 18, California. 


Leaflets of the A.S.P. same as above. 


Other Paperbacks 


Paperbacks are an excellent buy for readers who want up-to-date science 
books without too much expenditure. Their titles include many books which 
have already proved themselves as *hardbacks’? and have been reprinted in 
cheaper paperback editions. Others are completely new titles. The best 
source of information on reliable, sound paperback science books is the 
annotated bibliography of 900 selected science books, prepared and fre- 
quently revised under the direction of the American Association for the 
Advancement of Science. 


A guide to Science Reading, compiled and edited by Hilary J. Deason, assisted 
by William Blacklow, with original essays by H. Bentley Glass, Warren 
Weaver, Margaret Mead and Rhoda Metraux, and Joseph Gallant. A Signet 
Science Library Book, published in Canada by The New American Library 
of Canada. 1963. 60 cents. 


Some Government Publications 


Available from the Canadian Government Printing Bureau, Ottawa. 
(Remittance payable to the Receiver-General of Canada must accompany the order) 
Rocks and Minerals for the Collector: Sudbury to Winnipeg, by Ann, P. Sabina. 


The Geological Survey of Canada, Department of Mines and Technical 
Surveys. 1963. 75 cents. 
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Rocks, Minerals and Fossils; a brief introduction to Geology, by Eugene 
Poitevin. 1953. 15 cents. 


Miscellaneous Report Series of the Geological Survey of Canada -~- 
Baird, David M. A guide to geology: for visitors in Canada’s National 


Parks, Department of Northern Affairs and National Resources, National 
Parks Branch, Ottawa. 1960. $1.50. 


Baird, David M. Rocks and scenery of Fundy National Park. Report No. 2, 
1962. 75 cents. 


Baird, David M. Frince Edward Island National Park - the Jiving sands. 
Report No. 3, 1962. 75 cents. 


Baird, David M. Yoho National Park —~ The mountains, the rocks, the 
scenery, Report No. 4. 1962. $1.30. 


Baird, David M. Cape Breton Highlands National Park — Where the mountains 
meet the Sea. Report No. 5. 1962. $1.00. 


Baird, David M. Jasper National Park: Behind the mountains and glaciers. 
Report No. 6. 1963. $1.50. 


Baird, David M. The national parks of Ontario: a story of islands and 
shorelines, Report No. 7. 1963. 50 cents. 


Belyea, Helen R. The story of the mountains in Banff National Park. 
Report No. 1, 1960. 75 cents. 


Pamphlet material, much of it free, may be obtained by writing to the individual 
federal and provincial government agencies and departments which are concerned 
with scientific research. Here are a few examples: 


Weather services are free. Meteorological Branch, Department of 
Transport, Ottawa. 1963. Free. (A "pocket guide to Canada’s 
weather service", ) 


Your future in research. The Employment Officer, National Research 
Council, Sussex Drive, Ottawa 2, Ontario. 


Summer employment. Opportunities for summer experience. A yearly 
publication. The Employment Officer, National Résearch Council, 


Sussex Drive, Ottawa-2, Ontario. 


_ You. and the Department. of ‘Mines: and Technical Surveys. 1964. 
(Describes briefly the work of all its departments.) Department 
of Mines and Technical Surveys, Ottawa, Ontario. 


How to identify meteorites. 1963. Free. The Geological Survey of 
Canada, Department of Mines and Technical Surveys, Ottawa, Ontario. 
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Periodicals 


The Canadian Geographical Journal. Official publication of the Canadian 
Geographical Society, 54 Park Avenue, Ottawa 4. Monthly. $6.00. 


"tLe Jeune Scientifique". Published by ACFAS (1'Association Canadienne- 
Frangaise pour ltAvancement des Sciences). Eight issues yearly, 
October to May. $2.50. Special rates for students. Le Jeune 
Scientifique, P.O. Box 391, Joliette, P.Q. An excellent science 
journal for young Canadians. In French. 


Natural History. (Incorporating Nature Magazine) Journal of the American 
Museum of Natural History, Central Park West, at 79th St., New York 
City, N.Y., U.S.A. Monthly, October through May; bimonthly June to 
September. $5.50. 


Science News. Eight issues yearly, October through May. $1.50 ($1.00 
special to groups of students). Science Publications of Canada, 
25 Hollinger Road, Toronto 16, Ontario. Brief articles on Canadian 
science. Should appeal to younger students and be useful to 
teachers. 


Science News létter. The Weekly Summary of Current Science. $5.50. 
Science Service Inc., 1719 North St., N.W., Washington, D.C., U.S.A. 
Up-to-date notes on recent developments in science, with particular 
emphasis on American news. 


Scientific American. Monthly. $6.00. 415 Madison Ave., New York City, 
N.Y., U.S.A. Reliable and authoritative articles on scientific 
subjects. 


The Unesco Courier. A window on the world. Monthly, except in July and 
August when it is bi-monthly. $3.00. The United Nations Educational, 
Scientific and Cultural Organization, Place de Fontenoy, Paris 7, 
France. Has popular appeal and international outlook; includes 
articles on education, culture and science; complete issues frequently 
devoted to science. 


The scientific periodicals published by many industries should not 
be overlooked. Canadian Industries Limited, P.O. Box 10, Montreal, P.Q., 
publishes a bi-monthly called C.I.L. Oval. International Business Machines, 
Don Mills Road, Don Mills, Ontario, distributes Think. 


Publications on Careers 


Timely and reliable information on careers in the physical sciences 
and mathematics may often be obtained from eae nek societies ee eee 
tions. a page 31). : 


Here are some titles from a variety of sources - 
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A career in astronomy ~- 1962 - prepared by the Committee on Education in 
Astronomy of the American Astronomical Society, Dearborn Observatory, 
Evanston, I11., U.S.A. 


Careers in statistics —- American Statistical Association, 810 - 18th Street, 
N.W., Washington 6, D.C. 


Rewarding careers for women in physics by Elizabeth Wood, 1962. American 
Institute of Physics, 335 East 45th, St., New York 17, N.Y., U.S.A. 


Vocational and technical training for girls in Canada, at high school, 
post high school and trade school levels of education. Women’s Bureau, 
Department of Labour of Canada, 1963. The Queen’s Printer, Ottawa. 
75 cents. 


Women_in Scientific Careers, National Science Foundation. 1961. U.S. 
Government Printing Office, Washington 25, D.C. 20cents. 


Your career as a chemist ~ A vocational guidance booklet for high school 
students, 1962. Chemical Institute of Canada, 48 Rideau Street, 
Ottawa 2, Ontario. 


Your career in chemical engineering ~ Chemical Institute of Canada, 
Z8 Rideau Street, Ottawa 2, Ontario. 


Canadian Occupations Monographs, Economics and Research Branch, Department 
of Labour of Ganada - 


Careers in engineering ~ 1960. 25 cents. 
Careers in natural science ~ 1962. 25 cents. 
Careers in meteorology - 1958. 15 cents. 

The Canadian Gowernment Printing Bureau, Ottawa. 


Opportunities for graduates in the physical sciences - 1963 - Civil Service 


of Canada, Civil Service Commission, Ottawa. Free. 
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APPENDIX 


Divisions and Sub-divisions of the Physical Sciences, 
the Earth Sciences and Mathematics 


The definitions given below provide as short and simple explanations as 
possible of complex scientific terms. They are based upon the classifica- 
tions and definitions in Chamber’s Technical Dictionary (third ed. 1962) 


and Occupational Outlook Handbook, 1963-64. (United States Department of 


Labor). For further information the reader should consult these sources. 


PHYSICAL SCIENCES 


The physical sciences deal with the basic laws of the physical 
world and may be subdivided into a number of fields - chemistry, physics, 
and astronomy. 


CHEMISTRY deals with the composition and properties of substances and the 
changes of composition which they undergo. 


Organic study of the compounds of carbon — the basis 
of living matter. 
Inorganic study of chemical elements and their compounds 


other than carbon. 


Physical study of the dependence of physical properties 
on chemical composition, and physical changes 
accompanying chemical reactions. 


Analytical analysis by chemical methods to determine the 
composition of substances. 

Biochemistry chemistry of living things ~ physiological 
chemistry. 


PHYSICS is concerned with energy in all its forms, with the structure of 
matter and with the relationship between matter and energy. 


Mechanics study of the action of forces on bodies and 
of the motions they produce ~ statics, dynamics, 
and kinematics. 


Heat study of heat transmission and insulation, high 
and low temperature effects and phenomena, and 
heat radiation. 
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APPENDIX 


Light and Optics - study of the nature of light and its wave proper- 


Sound and 
Acousti¢s 


Electricity and 


ties - includes illumination, spectroscopy, and 
photography. 


study of the generation, perception, measurement, 
reproduction and control of all kinds of material 
vibration - supersonics and the reproduction and 
recording of sound. 


study of electric currents and allied phenomena. 


Magnetism 

Electronics the investigation and application of facts, occur- 
ences and circumstances involving the movement of 
free electrons, as in radio, television, etc. now 
extended to include applications involving ions. 

Nuclear study of the nature of atoms. 

Biological study of the reaction of living organisms to phy- 


Solid-state 


sical forces, e.g. to heat, light, radiation, sound 
and electricity ~ also called biophysics. 


study of atomic structure of crystals which led to 
invention of the transistor used in electronic 
equipment. 


Health study of radiation hazards, detection and control. 

Chemical study of effects of high temperatures and pressures 
on chemical substances. 

Astrophysics physical laws applied to the study of interstellar 
matter and the stars. 

Geophysics the physics of the earth, especially the study of 
inaccessible portions of the earth by instruments 
and apparatus. 

Plasma study of ionized molecules derived from gases. 

Cryogenics research and scientific aspects of low temperature 
production. 

Ultrasonics the science of sound waves having frequencies above 


the audible range, that is above about 20,000 cycles 
per second, 
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APPENDIX 


ASTRONOMY studies the universe and all its celestial bodies. 


Astrophysics 
Celestial 
Mechanics 


Radio Astronomy 


Astrometry 


Photometry 
Spectroscopy of 
Astronomical 

Sources 


Statistical 
Astronomy 


i 


(see above defintion). 


also called Gravitational Astronomy - the study of 
the motions of the heavenly bodies under the forces 
gravitation. 


study of the source and nature of celestial radio 
waves, by means of radio telescopes of extraor- 
dinary sensitivity. 


measurement of apparent positions of celestial 
bodies. 


measurement of the intensity of light. 
wave-length analyses of radiation from celestial 


bodies, 


statistical study of large numbers of celestial 
objects, such as stars, to determine their average 
properties, 


EARTH SCIENCES 


The earth sciences are concerned with the history, composition and 
characteristics of the earth, its oceans, and its atmosphere. 


GEOLOGY is the study of the earth's history, structure, and composition as 
revealed by rock formations and by animal and vegetable fossils. 


Palaeontology 


Petrology 


Structural 


Geology 


Economic Geology 


study of animal life in past geological periods 
based on the identification and classification 
of fossils. 


study of the origin and the chemical and mineral 
composition of rocks. 


study of the structure of rocks -— where the 
stratigraphers study the distribution and rela- 
tive arrangements of sedimentary rock layers in 
the earth’s crust. 


finding and supervising the development of mineral 
and fuel resources. 
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APPENDIX 


Petroleum Geology economic geologists here specialize in the 
discovery and recovery of oil and natural gas. 


Mineralogy economic geologists here specialize in the study 
of minerals, gems and precious stones. 


Geomorphology study of the dynamic processes of great internal 
pressures which change the earth's surface - _ 
includes erosion, glaciation, volcanic distrubances. 


Sedimentology study of the processes and products involved in the 
formation of sedimentary rocks. 


Geochemistry study of the chemical composition and chemical 
changes. in the earth’s crust. 


Astrogeology applicavion of geological knowledge to the inter- 
pretation of data on surface conditions on the moon 
and the planets, as collected by various means. 


GEOPHYSICS is the science concerned with the physical characteristics and 
properties of the earth - its interior, its atmosphere, its land as 
well as its bodies of water on its surface and underground. 


Geodesy measurement of size and shape of the earth, 
determination of the positions, and elevations 
of points on or near the earth's surface, and 
the measurement of the intensity and direction 
of the force of gravity. 


Geomagnetics study of magnetic and electrical processes in and 
about the earth including such phenomena as sunspots, 
the aurora, and the transmissions of radio waves. 


Hydrology the study of the water supply of the land areas of 
the earth, both at the surface and underground - 
includes glaciers, water supply and irrigation, etc. 


Exploration also known as prospecting geophysics ~ the search 
“ Geophysics for oil and minerals. 
Seismology study of the structure of the earth’s interior and 


the vibrations of the earth caused by earthquakes 
and man-made explosions. 


Volcanology study of volcanoes, hot springs and igneous rock. 


Tectonophysics study of the structure of mountains and ocean basins, 
the properties of the materials forming the earth's 
crust, and the physical forces that cause movements 
and changes in it. 
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APPENDIX 


METEOROLOGY is the science of the atmosphere - its physical characteristics 
and movements and also its effects upon the earth and its people. 


Synoptic weather forecasting - air pressure, temperature, 
Meteorology humidity, wind velocity. 
Climatology the study of climate and its causes in relation 


to a particular region. 


Dynamic investigation of the physical laws governing air 
Meteorology currents. 

Physical study of the physical nature of the atmosphere, 

_ Meteorology including its chemical composition and electrical, 


acoustical, and optical properties. 


Industrial applied meteorology - study of the relationship 

' Meteorlogy between weather and specific human activities, 
biological processes, and agricultural and indus- 
trial operations - e.g. air pollution. 


OCEANOGRAPHY is the study of the ocean in all its aspects - its character- 
istics, movements, and plants and animals. 


Biological or marine biology - study of the ocean's plant 

” Oceanography and animal life. 

Physical study of the physical aspects of the ocean, such 
* Oceanography as density, temperature as well as the movements 


of the sea, such as tides and currents and the 
relationship between the sea and atmosphere. 


Geological or marine geology — study of the ocean bottom - 
*- Oceanography its topography, rocks and sediments. 


Chemical the study of the chemical composition of the 
Oceanography ocean waters and bottom. 
MATHEMATICS 


Pure Mathematics is theoretical mathematics, which is concerned with the 
development of mathematical principles and the discovery of relation- 
ships among mathematical forms. 


Applied Mathematics develops techniques and approaches, to solve practical 
problems in the physical, biological and social sciences. The various 
parts of a problem are analyzed and the existing relationships are 
described in mathematical terms. 


aoi¢elinstosiais Leotayia ett ~ eredqaomta edt to one J 
-ofqoey eff bes atise one mess adoetie “ a 


,wwisiogmes swe whe + gaivesse 02 teddaew 
thooLev baie peter 
woiteler mt soowso adi bow stemblo Yo ybute edt 
i Dyes: talvotdteq: a ot 
ais aeitrvevon ewal laotayiq edt to nokseysvevat 
‘WASTE INS ee 


Moedeants elt to sudan Leoteyiq edd to eee 
asinicels bas nolvieognmo Leokmeno est yutbu font 
oe crreqesq, Lpottgo bas .Leoitavoos . 


gitenoiteLor edd lo ybudea - ypolotoejem betiqgs te | 
,seltivisos semwd ofhteega bes redesew meewted. , ywolradell 
~ewbnt bea tausdivoligs brie ,seesesoiq [eotgoLold 
sotiwiiog tts .gy.e - esnoisareqo [eins 


etorstais edt ~ edoeqes att [ie mt mevoo edd to: bude edt ah i 
-slamias bos atnelq bos <3 nonmte Vout satan 


toalq etnasoe edd to ybude - yolotd entism te Lsoigolota 
til Lemina bas. Yiqergorse90 ~ 


doves ,meeoo edd To edosyes Isoteylq oid to ybute Lsoleydi 
etremevon. edt es ilew ee emteiregaed ,ytieneb us VWigs'tgoness0 © 
edt bas edaeriuro bes eebid eg dowe ,sea ont to- es 
-siergaouts bos see ed? meewled gidenotialet pers 


- noted uneoo ed Yo ybute — ygoLooy emtusm to.  IsctgeloeD 
eixeutber bas axtoos .yiqstaeqos att Wigergonsen0 

7 re 

eit to moktkeoqmoo Leolmeds edd to ybute exit | feoimedD 
etottod bas eietew aseso = Yiqetgemses0 


7 7 


edd ddiw bepieenco ai dotdw .coidemedtam feoktetcedé at _2 
lathe caleba mall ation) > 3h Se cemyotave 


Sa Lanier 


Sasttosig eviom of .sedssoigge bas eeupharoes eqoleveb gotts | bebe 
evoliey off .seonelce [sizes has pr tyrengeenr ‘ rr + ameLe — . 
or naan teles Seta re? ee py: sie 


= a ‘ws ey ind hed a 
=, i La) ited 


APPENDIX 


Mathematical computation, where the mathematician uses his 
mathematical knowledge to solve complex 
scientific or engineering problems with 
the aid of high-speed electronic computers, 


Statistics is the use of scientific methods to collect, 
analyze, and interpret numerical data. 
Statisticians specialize either in the 
application of statistical methods to a 
subject-matter field or in mathematical 
statistics. 


ued mathematics is the use of mathematical methods and 
techniques in developing and keeping 
insurance and pension plans up to date. It 
involves the evaluation of the probability 
of loss, and the development and amalysis 
of statistical tables on mortality and 
sickness rates. 
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